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This work is designed to make good a deficiency much 
It by practical engineers and engineering students en- 
gaged in civil, military, and mechanical pursuits. A stu- 
dent, to understand the treatises and systematic expositions^ 
developing the theory and application of mechanics, em- 
ployed as class books in our schools and colleges, requires 
considerable mathematical skill, and after all, the elemen- 
tary knowledge acquired by studying such works is of little 
value to the practical engineer. On the general theory of 
mechanics there are many popular works clear of mathe- 
matical formulsB and seniceable to the general reader, but 
.the practitioner cannot render them available. Again, 
ilVench investigators and writers on practical mechanics 
take for granted tliat they are addressing those who under- 
stand the theory of mechanics, and when their worlia are 
copied or translated they are far from being elementary. 

The ESBENTIAL ELEMENTS OF PRACTICAL MECHANICS is 

based upon what is termed the principle of wort, and aa 




presents 33000 units of work done in a minute, equal 

e horse power. 
I Formerly, the science of mechanics was one of the last 

tnches of applied mathematics to which a student was 
Induced to turn liis particular attention, hot now the case 
is different. Since the wealth and power of nations de- 
pended 50 much on the application of the sciences to the 
mechanical and industrial arts, a knowledge of practical 
mechanics becomes of paramount importance, not oa\y to 
engineering students, but also to capitalists, statesmen, and 
merchants, many of whom are hut little skilled in the higher 
departments of mathematics. 

While this work is designed to meet the exigencies of 
these changes and circumstances, and dispense with the 
higher geometry and an extensive use of analytical symbols, 
it will be found to extend the boundaries as well as simplify 
the practical application of this branch of philosophy, and 
to contain solutions of many important problems whicli 
have hitherto defied the skill of mathematicians. 

This treatise, when divided as the nature of tlie several 
subjects seemed to demand, is composed of ton chapters. 
The first chapter is designed to exemplify how work is 
measured by a wdt, both with and without reference to a 
unit of time. The questions selected for tlie purpose 
of illustration in this chapter, as well as those given 
throughout tlie work, are designed more to teacli the 
student how to think, than to insist upon whut he should 
think. However, each question may be so varied as to 
become a model for a variety of cases. The second chapter 
treats of the work of living agents, explains the infiuence 
of friction, and introduces one of the most beautiful laws of 
motion. In the third chapter the principica expounded in 
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the first and second are applied to the motion of bodies on 
inclined planes and to the raising of materials. 

The/ourt/i chapter treats of the transmission of work by 
simple machines, establishes the properties of the lever, 
wheel and axle, pnlley, inclined plane, wedge, and screw, 
on the principle of work. In this chapter the student's 
attention is directed to the graduation of the safety-valve 
lever, the centres of gravity of bodies, the hydrostatic press, 
and the anti-friction cam-press. In the fifth chapter I have 
given some of the most useful propositions and rules relative 
to the work of steam and the steam-en^ne; but steam 
being a subject in wliich tlie most elaborate theory can do 
but little independent of exjieriments, I therefore deemed 
it prudent, rather than delude the student with the usual 
display of mathematical accuracy where it is far from being 
attained, to give but Uttle theoretical matter, and introduce 
some valuable tabulated results founded on experiments. 
The constant quantities are often taken In round numbers, 
but they are easily altered to such particular cases, without 
affecting the prmciple of work upon which the calculations 
are based. It may be necessary to point particular attention 
to the problems of this chapter, which, for the first time, 
are independently and accrrately solved by Dual arithmetic, 
without the use of tables or other extraneous aids. 

The Hxth chapter is on accumulated work. The subjects 
stated and discussed in this chapter are: the force of gra^ 
vity near the surface of the earth ; units of work in a 
rotating body ; the centre of gyration ; living forces, vw 
viva; the measure of motive forces and inertia; the mazi- 

Imum velocity of the pbton of a steam-engine ; a question 
is solved under this head vshieh defied the skill of mathe- 
maticians before the introduction of Dual arithmetic. In 
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the sixth chapter I have also treated of the velocity ac- 
qnired by bodies iii descending an inclined plane or a curve ; 
the crank and fly-wheel ; impact ; the ballistic pendulum : 
shock of elastic bodies ; resistance of fluids ; centre of 
oscillation, and other kindred matters. 

Cliapter seven is appropriated to the examination of the 
equilibrium of forces, pressures, tensions, and tbnists. The 
principle of the equality of moments, and the construction 
of diagrams of forces, are nest discussed. The remainder of 
this chapter is occupied with practical examples of wooden 
and iron bridges, a correct theory of the strength of girders 
■ resting on supports, and with investigations respecting 
\ chain and suspension bridges, in which Dual arithmetic is 
a^n employed to obtain results not attainable by any pre* 
vionsly known method. The comparisons drawn in this 
chanter with respect to different methods of construction 
sDouJQ De caimly and closely considered. One class of 
mechanical investigators first establish theories on abstract 
reasoning, and afterwards correct them by experiments. I 
have taken Morin and Poncelet as representatives of this 
class. Another class, without any particular hypothesis, 
interpolate a series of experiments by empirical rules to 
suit particular cases within the<range of such experiments : 
General Anstruther, alluded to in the eighth chapter, ia a 
practical engineer of this class. A third class of investi- 
gators assume constructions which they assert possess parti- 
cular properties that may or may not exist, and support 
such claims by high-sounding pretensions and a little mis- 
applied mathematics to cover the delusion. The expounder 
of Koch's ingenious system of skeleton structures, which 
may or may not apply in practice, for all that this investi- 
I gator :;is sDown to tne contrary, is one of tliia class. He 




assnmes it possible that tbe structure may be composed of a 
aeries of right-angled triangles, perhaps because the calcn- 

, lations respecting such triangles are easily made. But in 
sustaining a load in motion, although these triangles are bnt 
little altered, yet it is in this little, which he disregards or 
explains away, lies the object of research. Such perform- 
ances leave the sabjects to which they are appUed in doubt 
and abeyance. Tliis class of investigators is very numerous, 

I and have only succeeded in breaking down confidence in 

I this important branch of apphed mathematics. 

The eighth chapter treats of the pressure of water and 
other fluids ; the position of tlie centre of gravity in many 
important forma ; tlie pressure of eartli against revetment 
walls ; and the measurement of heights by observations of 
the barometer and thermometer. In treating of this last 
(ubject, I have shown a simple method of solving an 

I equation that defied the skill of mathematicians. In this 
chapter will be found some very important observations on 
the force of gravity and the constant g, which is the letter 
usually taken to represent it. 

ThK E3BENTIAI. ELEMENTS OF PRACTICAL HSCHASICS 

terminates with the ninth c/iapter. How sound theory may 
be made to approximate to the results of practice ; the re- 
sistance of water to the motion of paddle-wheels and screw- 
propellers ; description of the indicator; performance of 
paddle-wheel steamers; use of Dual logarithms; and the 

I performance of a screw-propeller with expanding pitch, are 
subjects discussed in this chapter. 
The student, before consulting larger works on the re- 
sistance of water to the motion of vessels, would do well to 
read the works of Admiral E. G. Fishboume on naval 
architecture. Here it may also be necessaiy to remind the 
, i 
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reader that many productions, Talaable to the engineer, 
are incidentally produced by liberally educated professional 
men who are not professed engineers ; for example, the 
lectures of the naval ofBcer just named on naval ordnance 
and iron ships saved this country from squandering large 
sums of the public money on guns and ships worse than 
useless. 

The tenth cltapler is added for the use of those who have 
neglected the study of common arithmetic ; it contams 
useful arithmetical processes ; operations that may be for- 
gotten ; the application of principles often misunderstood ; 
and an introduction to Dnal arithmetic. I have omitted to 
mention many minor topics connected with the general 
subjects enumerated that could not be conveniently spe- 
dfied in an ordinary preface ; however, those topics are 
particularised in the Index, 
^ OLIVER BYRNE. 



PRACTICAL MECHANICS. 



CHAPTER L 



Work is measured by a unit, like length, weight, time, 
&c. To raise one pound a foot Jii";h against the earth's 
gravity in the du-ection of a plumb-line is a unit of work ; 
it is clear, then, to raise 5 lbs. a foot high is to perform 
5 units of work, and to raise 5 lbs. four feet high equal 
20 units of work. Since resistance and pressure of evety 
kind may be expressed in pounds, it follows that tho unit 
bore described may be made to measure every kind of 
work. It will be pi-esently shown that a unit of work is 
performtd wlienever one pound pressure is exerted through 
a space of one foot, no matter in what direction the space 

In developing this subject it ia necessary to diatincuish 
units of work from other units ; this I propose to do by 
writing or setting down the numbers that rejireseiit them 
in black broad-faced letters and tigui'es instead of in the 
ordinary way, thus, 

25 represents 25 units of work. 
35' will represent 25 units of work done in a minute. 
73" will represent 73 units of work done in a second, 
fi^^ Sometimes the minute is taken for the unit of time, anil 
^^K minutes ia marked 33' ; in other cases, the second is 
^Huen as the unit of time, and 45 seconds i& maiVe\ ^^' . 
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2 PRACTICAL MECHANIOa. 

45" represents 45 seconds ; 
but 45" units of work done in a second of time. 

a' represents a minutes, but a' represents a units of work 
done in one minute. 

EXAMPLES. 
Question 1. Eequirod the unila of work expended in 
raising a weight of 501b, to the Jicight of 31 ft. 
Units of work in raising 1 lb. 31 feet^Sl- 
.-. fiOx31=1550, 
the required units of work. 

Qius. 2. The ram of a pile-driving en^ne weighs half a 
ton, and has a fall of 17 feet, how many units of work are 
performed in raising this ram 1 

Half a ton=11201bs. 
Units of work in raising lib. 17 fect=17- 
.. 1120x17 = 19040, 
the units of work required to raise 1120 tbs. (o a height of 17 
feet 

Ques, 3. How many units of work are required to raise 
7 cwt of coal from a pit whose depth=13 fathoms ? 

7x112=784 lbs. 
6 feet being the length of a fathom, 

13 X 6=78 feet, in 13 fathoms. 
Hence the work consists in raising 734 lbs. to the height of 
78 feet. 

.-. 784x78=61152. 

Ques, 4 If the weight of a man be 183 lbs., and if he 
ascends a perpendicular height of 20 feet, he does work in 
raising himself, what are the number of units t 

In this operation the man raises the weigiit of his own body, 
;. 183x20=3660, 
amount of work. 

If this man were to descend in a bncket, it is clear he wonld 
perform the same work upon a counterpoise weight when he bu 
^esceaded 20 feet. 
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Ques. 5. How many anits of work will be required to 
pump 8000 cubic feet of water from a mine whose depth = 
600 fathoms! 

A cubic foot of water weighs 62'5 lbs, 
^ 8OOOx62'5=5000001b8. 

500 fathoms =3000 feeU 
Conseqoently the work is to raise 500000 Iba. ■ perpendicular 
height of 3000 feet. 

Work=500000 X 3000= ISOQOOOOOa 

Quet. 6. A horse draws 150 lbs, out of a well, by means 
of a rope goinf; over a fixed pulley, moving at a rate of 2^ 
miles an hour, how many imits of work does this horse per- 
form a minute, the friction being neglected! 
Amile=5280 feet, then, 

„ =220 feet passed over a minnte. 

.-. Work per minQte=150x220=33OOO'. 
Work per second = 5 50"> 



THE UNIT OF WORK REFERRED TO A USIT OF nit 
A unit of work, or 1, represents 1 lb. raised 1 foot. 
A unit of work in a minute, or 1', represents 1 lb. raised 1 
a foot high in a minute. 

A unit of work in a second, or 1", represents 1 lb. raised I 
a foot high in a second. ' 

It has been assumed that a horse is capable of r 
33000 lbs. a foot high in a minute, or to perform 33000 j 
tmita of work in a minute. 

Hence a horse power =33000'=!", or 1 HP. 

28 horse power decimal 37 is written 28" "S?) orl 

28 37 HP. I 

Whether this power is grenter or less than the power of 1 

a horse It matters little, while it is a power so v;e\\ iafiftej^J 

To raise IVOOO lbs. a foc.t high in a minule, 'JSOQi.i.'^J 

I!' convenient unit to measure biV 

B2 '^- 
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EXAMPLES. 

Queitioa 1. How many horse power would it take to 
raise 3 cwt. of coal a minute from a. pit whoso deptli= 
110 fathoms t 

Depth=I10xG=660fect. 
3 cwt.= U2x3=336lbe. 
660x336 = 22176O'- 
SiucQ a horse ponet=33000' 

221760' --« xiD .1. - > 
~ 3300b '~ ' ' '■eqnired power. 

6'72 UP. stands for 6 liorse power decimal 72 ; tlie student 
should observe that the full point trhich scponites whole numbers 
from decimals is placed aboTe ('72)i bnt when otherwise em- 
ployed it is put below (UP.) 

'73=the Titlgar fraction tH, a cipher being pnt under each 
decimal figure and 1 onder the full point. 

Qites. 2. How many horse power is required to raise 
2200 cubic feet of water an hour from a mine whose depth 
= 63 fathoms? 

137500=2200 x 62'5=weight of water in Iba. 

63 X 6=378 feet, depth of mine. 

137500x378 „„„„^„, 

gg =866250'. 

The proposed notation must be borne in mind, 866250 
eignifies 866250 lbs., raised one foot high in a minute, ami 
264". represents 26^ horse power, or 26^ times 33000 lbs. raised 
1 foot high in a minnte. 

Quet. 3, A winding engine is moved by 4 horses, what 
weight of coal will be raised an hour from a pit whose 
depSi=200feet? 

Work of the 4 horses in an hour, 

=4 X 33O0OX 60=7920000. 
Work in raising 1 lb. of coal 2O0 feet=200. 
S/Jwo it takes 200 units of wgrk\to raise a pound of coals, 
7920000 „V^„,^ 
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Consequently, four horees will raise 39GOOIbB. of coal, or of 
uijlliiDg else, a height of 200 feet in an hour. 

Ques. 4. In what time will an engine of li)-Iiorsc power 
raise 5 tona of material from the dejith of 132 feet f 
5tons = n2001b8. 
Wort of the engine per minnl«, 

= 330000' = 33000 X 10. 
Work of raising 5 tons, 

= 11200 X 132 = 1478400- 
Eecause the engine performs 330000 units of work a r 

=4'43 minutes. 



t 
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Qu€s. 5. How many cubic feet of water will an en)]jne of 
3B-horse power (36 ^ ) raise in aii hour from a mine wh( 
depth is 40 fathoms 1 

40x6=240 feet. 
Work in an hour, 

= 36x33000x00 = 71280000. 
Work to raise a cnbic font of water 210 feet, 
=240 xG2o = 15000. 
71280000 
15000 
Quen. fi. From what depth will an engine of 22-hor3e 
power raise 13 tons of coal in an hour? 
Work done bj the engine in an hour, 

22 x 33000 = 72600a 
13 toii8 = 291201b3. 
726000 
2912U 

Ques. 7. An engine is observed to raise 7 tons of mate- 
rial an hour, from a mine whose depth is 85 fathoms ; rtv 
quired the horse power of the enpine, supposing J of it<i 
work to be lost in transmission ? 



= 4752 cubic feet. 



= 24-9 feet. 



Work a 



„ , 2240x7x85x6 

eo 



^13^^%q; . 



6 PRACTICAL MEC'irANICS. 

Since t "f the work of the engine only go to raise th? 
material, 

.-. * of 33000=27500, 
the units of nseful work of one liorse power a minute. 
133280 _ 
27500-* *^^^ 

Quea. 8. Eequircd the horse power of an engine that 
would supply the city of Brooklyn with water, working 12 
hours a day, the water to be raised to a height of 50 feet ; 
the number of inhabitants= 13000U, and each person to use 
5 gallons of water a (lay 1 

The standard gallon of the United States weighs 8jlbs., 
nearly. 

130000 X 5 X SJ _ 8125 X 25 Iba. 



the pounds of water to be pumped ii 
8125 X 25 
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-x50=376157' 

. 376157 _■ 
33000'"-^^ * 

The horse power required 7 

Qufs. 9. What IS the horse power of an engine that 
pumps from three different levels, whose depths are 40, 70, 
and 90 fathonis respectively ; from the first, 20 cubic feet 
of water are raised a minute; from the second, 10 cubic 
feet ; and from the third, 35 feet, allowing J tlie work of 
the engine to be destroyed hy useless resistance ? 
1' -33000'. 
I of 33000 =22000', 
the effective power of the engine. 

1st level, work=625x 20x240= 300000'. 
2iid „ „ =625x10x420= 262500'. 
Srd „ „ =62-5x35x540=1181250'. 



1743750 
22000' 



1743750. 
=79" 26. 
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PEACTICAL MECEANICa. 7 

Qves. 10. There are 6000 cubic feet of water in a mine 
whose depth is 60 fathoms, wlien an en^ae of 50 horse 
power began to work the pump i the engine continued to 
work 5 hours before the mine was cleared of the water; 
required the number of cubic feet of water which had run 
into the mine an hour, supposing ^ of the work of the 
engine to be lost by transmission } 
4)33000' 
8 250' 
24750' effective power of the 
engine a nuoate. It must not be forgotten that 24750' written 
in broad • faced figuree, eigni&eB 24750 units of work tn a 
minute or 24750 Iba., raised one foot liigh in a miimt« ; so that 
eetting down the numbers in this peculiar manntt saves much 
written explanation. 

24750' X 50 X 5 X 00=371250000, 
effectire work of the engine in 5 hours. 

62'5x 60x6=2250, 
work in nusiag one cubic foot of water to a height of 60 fathtmis 
=360 feet. 

371250000' 
22600 
cnbic feet of water pumped iu 5 hours. 
16500- 
6000 ' 
5) 10500- Water run in daring 5 honis, 
21 OOP- 
Cnbic feet nm in one hour. 

Ques- 11. A forf;e hammer weighs 300 lbs., makes 100 
lifts a minute, the perpendicular height of each lift=2feet; 
what is the horse power of the engine that gives power to 
20 such hammers T 

Work of each lift=300 x 2 x 20=12000. 
Work in 100 lifts, that is, in one minute, 
12000X 100=1200000'. 

l?ooo50'=36-36. 

S3000' 



= 16500- 
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8 rHACTICAL MECHANICS. 

Que». 12, An enpine of 10 horse power (10'), raises 
4000 lbs. of coal frum a pit 1200 feet tteep in an hour, and 
also gives motion to a hammer wliich makes fifty lifts in a 
minute, each hft having a perpendicular height of 4 feet, 
what is the weight of the hammer T 

Work dene by the eng'ine in one minute, 

=33000 X 10=330000'. 

The units of work pcrfuruii.'J, in rai^iing the coals, a minut«= 

1200x4000^gp„PQ, 

Work engaged in raising the hammer a minute, 
=330000— 80000 =2S0000'. 

Work a minute, in raising one lb. of hammer 4 feet high, 
50 times a minute,^ 

1x4x50=200'. 

?5OOOO:=1250lbs.. 
200 ' 

the weight of the hammer required. 



ON TUE WORK OF LIVINQ AGENTS. 

The labouring force of animals varies very much with 
the way in which their muscular strength is exertetl ; and 
also, witli the rate at which they labour. 

The followine little table shows tlie greatest amount of 
^ective work tnat a labouring man can pei-form under the 
different modes in which he may exert his muscular p6wer. 



^^ An 



Aman in raising his own bod; 4250'. 

in woikiag at a treadmill 3900'- 
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A man drawing or pDsIiing horizDntally . . , . 3120'. 
A man pnslnng ot pulling verUcall; 2380- 

^A man tnrning a handle 2600'. 
A man working with arms and legs, as rowing . 4000'- 
riTS OF WOBK DONE BT A MAN IN A MINUTE, WHEN HE 
WORKS 6 HOUBS A DAT. 
A man in raiding material with a pulley . . , 1560'. 
A man in rusing matdrials with the hamla . . . 1470'' 
A man in raising material on back, returning empty 1136'* 

UNITS OF WOKE DONE BY A M.IN IS A MINUTE, LABOUBINO 
10 IIOUHS A DAY, 

RaiBiDg materials with a wheelbarrow on ramps . 720'- 
^^, Throwing earth to the height of 5 fe5t ; ~, T . 4;70'- 

^B UNITS OF USEFUL WORK DONE BT A MAN IN A MINUTE, 

^B RAI8INO WATER BY DIFt^UENT ENGINES, WOKKINQ 

^^ 8 HOURS A DAT. 

With a windlasH from deep wells 3560'. 

With an upright chain pump .,,.... 1730'- 

With a treadmill, 3176'. 

With a Chinese wheel 2167'- 

With an Archimedian screw 1B05'- 

^H Raising water from a well, with rope and pitil . . 1054'- 

WORK OF BEASTS. 
The imaginflTj' horse by which the power of alcam- 
eng^nes is measured, is supposed to do more work than the 
c^eral run of Horses are able to perform. The work of a 
horse of average strenf^th is about 22000 poun<ls raised one 
foot high in a robtue, which according to the author's 
notation, is expressed thus : — 

22000' 
A mole mli perfcina f the fftirJc of a horse=1466S^* 
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An asa will perform about ^ the work of a horse=4400'- 
In a common pumping engine a horse of averagt 
rength will do only 17550 useful units of work in i 

From 22000' 
Take 17550' 



I. and uselesa resistances. 



4450', loEl ia this case by friction 



I 

I 



Question 1. How many cubic feet of elay weighing 
100 lbs. the cubic foot, will 20 men throw 5 feet high in a 
day of 10 hours long? 

From the foregoing table the number 470' is found. 
Work in a day, 

=470' X 60 X 10 X 20=5640000' 
Work in raising one cubic foot, 

= 100x5=500'. 
Consequently the nnmbur of cubic feet raised in one day by 



_ 56 40000 _ 
~ 500 " 



: 11280 



Quea. 2. How many bricks will a man raise in a day 
nx hours long to a height of 30 feet, supposing the weight 
of a cubic foot=125lDs., and 17 bricks to form a cubic 
foot! 

For a man working in this way, the foregoing tables 
give 1126'. 

.-. 1126'xCOx6=405360. 
work done by a man in 6 hours. 

125x30=3750, 
work done in raising a cubic foot SO feet high. 
.-. 405360^108.096 
3750 ' 

cubic feet raised in a day of 6 hours. 

Nnaiber of bricks =108-036 X 17= 1838. 
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TBACTICAL MECHANICS. 

Quea, 3. How many cubic feet of water will a labourer, 
working with a bucket aiid rope, raise from a well whose 
(ieptliislSfeett 

In the table will be fount! 1054', for a man working; in 
this manner. 

1054' X 60 x8=50S920, 
ork done in 8 hours. 
The work done in raising a cubic foot of water 16 feet high, 

=6-25xlG=1000. 
Hence the cubic feet raised in 8 hours by a man, 
=605920^50592. 
1000 

Quea. 4. What weifjht is a man, working at a treadmill, 
raise in a day of 8 hours, from a depth of 110 feet? 
Tabular nnmber=1730'. 
1730x60x8=830400, 
rork done in a day. 

The work required to raise one civt. or 1 12 lbs. a height of 1 LO 
wt will be, 

112x110=12320; 
. 830400^ 
12320 
the weight that may be raised by a man working at a treadmill. 

Que*. 5. IIow many tons of coal would a man raise, work- 
ing with a wheel and axle, from a pit whose depth is 20 
feet, taking for granted, according to the tabulated state- 
ment, that a man so circumstanced can perform 2600 units 
of work in a minute t 

The work done in one day of 8 hours, 

=2600 X 60x8=1248000- 
The work to raise one ton, 

=2240x20=44800; 

.-. 12^0PP=27ito, 
44800 ^ 

laised in a d^y of 8 boars. 
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Ques. 6. The ram of a pile engine weighs 7 cwt., and ha> 
a fall of 23 feet, liow many sti'ukes a Say will four men 
give, working a wheel and axlet 
Woik done in one day of 8 hour?, 

=2600' X 60 X 6 X 4=4992000 
The work of one stmke, 

= 112x7x23=18032; 

4992000^277 strokes nearly. 
1U832 

The force with which ttnimals pnll decreases with their speed ; 
tho relation between the traction and ejieed of a horse is ex- 
[jressed witli consiJcmble accnracy by the following formula: 

(=250— 41|r; 
in which t=the traction in lbs. and t-=the rate in miles an 

Hence, if the speed be 3 miles an hour, the tract4on will be 
125 lbs., for 

250— 41|x3=1251b8. 

If tho speed be one mile an hour, the traction will be=208| Iba, 
for 

250— 41Sxl=208Jlb8. 

From this formula, it ia easily shown that a horse will do the 
greatest amount of work when he travels at the rate of 3 miles 
an hour, in fact 

{«0-«,r}.r 
becomes a maximum wlien r=3. 

If a body move slowly along a horizontal plane, the resistanro 
to be overcome is called friction. Experiment has determined 
that this resistance on a given surface is a fractional part of the 
weight of tlic body moved, and it has also been found that any 
change in the rate of the motion of the Imdy does not affect the 
resistance due to friction ; nor is the amount of friction altered by 
the extent of the rubbing surfaces. 

When a waggon or a cart is drawn along a good common road, 
the resistance of friction is abont -^^ of the whole load, go that a 
horse in order to draw 3120 lbs. along a road, must pull with the 
force of 104 Ihs,, for 

»^=1041ba. 
30 
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Jt A Horse with this traction, according to the foregoing fonnaia, 
moTcs at the rsl« of about 3^ miles an hour, for 

^ft becomes 104=250 — 4I| r, 

■ 

^17 A carriage on a railroad only reijutrefi a pres^nre of about jj^ 
part of the moving weight to give it motion, or from 4 to 8 IWs. a 
ton. The fractions A for common roads, and ito for railroads, 
are calleil the coefficients of friction ; as these coefficients become 
emaller, the mbbing snrfaceB become smcitbcr. 

Let W be a weight drawn on a 
horizontal plane, H B, by means of '■ ' 

a weight, P, attached to a cord, A. 
going over a fixed pulley, C ; tliiJi 
the weight, P, jnst necessary fc 
draw or move W along the piniio, 
will be eqoal to the resistance ni' 
friction. In the case of a railroad, 
ifW=150tons,Pwinbe=9001U., 
when the coefficient of frictioD= 
nis. oreibs. a Ion. 

It is very evident that whatever distance P ilcscende, the 
weight, W, will be drawn along the plane, U R, the eame dis- 
tance; hence the units of work done in moving W will be the 
weight of P in poonds multiplied by the distance in feet through 
which it descends, or the resistance of friction in pounds, multi- 
phed by the space in feet over which W is moved. 

The work of every machine is consumed by the work done, or 
by the useful work, together with the nsclesa work, or the work 
destroyed by the friction of the parts of the machine. I will 
here explain one of the most beautiful laws of motion : When the 
work applied exceeds the work consmned, the redundant work 
goes to increase the speed of the parts of the machine, and at the 
same time, like the fly-wheel, acts aa n reservoir of work. 7^« 
aeceleralitm gota on increasing until the work of the rtaislaucM 
•^the uiejitl Kork^tke work applitd ; and then the mottonofiM 




inifor. 



+ tke ui 

^^HkFor example, in a railroad engine and train, at Grst the work 
^^^pllie engine exceeds the work of the rcsistancen, and hence the 
^^^eedof the engine goes on increasing; bat, as the speed increases, 
(he work of the resistances also increases, EO that ultimtAdj V\\% 
engine attains a nesrl/ aniform motioD, which 18 ca\\ei.\ t\ie ^ntluak 
ormaximam speed, and then the work destroyed by tte rmaVaUM* 
wmbee^Ur equ»l to the Kork applied by tbe movkg V^NfM. 
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Ques. 7. Required the effective horse power of a locomo- 
tive engine which moves at a steady speed of 23 miles an 
hour upon a level rail, the weiffhl of tne train being 100 
tons, and the friction 5 lbs. a ton t 

Pot i=the required horse power. 
The work of the engine a minute, 

=1^x33000'; 
The resistance of friction, 

=5 X 100=500 Iba. 
The distance moved a minute, 

23x5280 „„„, , 
= — 60-=2024fee* 

Work to overcome the friction, 

=2024 X 500=1013000'. 
But as the spoed of the train is uniform, the work of 
the resistances will be equal to the effective work of the 
engine , 

.-. 0^x33000=1012000. 
1012000 __, - 

•■ '"^-Mooo'^ao ' 

Quee. 8. What is the rate in miles an hour of a train of 
3 tons, drawn by an engine of 70" ; the friction 8 lbs, to 
the ton t 

Call X the uniform speed in miles an hoar ; 
Work used in moving the train x miles, 
=80 X 8 X 5280 x x ; this 
s the work done by the engine in an hour. But the work done 
by the engine in an hour will also be expressed by 
33000' X 70 x CO; 
.-. 33000' x70x 60=80 x8x6280xx: 
33000' X 70 X 60 



80x8x5280 



=41-02 miles. 



Ques. 9, An engine of 48" moves with a maximum 
speed of 33 miles an hour, on a level rail ; required the 
£ivss load of the train, friction 6 lbs. a loi\1 



J 
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I liCt x be the gross weight of the train in tons, then the 
V consumed an hour in moving the train. 

=«x 6x33x5280. 

Work of the engine an hour, 

=48x33000x60. 

When the speed ia nnifonn or at its maximnm, 
vx6x33x 5380=48x33000x60; 

_48x33000xG0_Qf,,- , 



Qiifi. 10. In what time will an engine of 66 horse 
power, moving a trmn of 200 tons, complete a journey 
of 100 miles, friction 5 lbs. per ton ; rails horizontal T 

Work expanded in moying the train 100 miles, 
= 100x5280x200x5=528000000. 

Work of the engine an honr, 
=33000' X G6 X 60= 130680000 

f|8OOgOOO^,.04hour«. 
130680000 

I ^u««. 11. What work a minute will a horse perform 
■—1 travelling at the rate of 2^ miles an hour! 

II have before shown that the traction of a horse moving at the 
'» of 2i miles an hour, 

=250-41jx2J=145^Ibs. 
2JmileB=13200ft. i 

Feet a minQte=H?22 =220 feet 
60 

f Hence the work of this horse a minnte, 

=:45^x220=32O83i'- 

Quei. 12. What load will a horse draw travelling at .*( 
miles an hour upon a plank road, whose friction '\s -^^^f, qV 
the whole load, the road being Jioii'zoiital 1 




Tlie traction at tlitB speed is 125 lbs,, 

for 250-411x3=125. 

T!ie gro£s load must he 100 times tliie weight, 
= 125x100=12500 lbs. 



Qiies. 13. Suppose a Iiorse to be able to perform 33000 
units of work in a minute on a horizontal roaci, whose frio- 
tion is ^ of the whole Tbad; required the load and rata 
per hourT 

Traction=(250-41J r) ponnda. 
Space passed over in a minute, 
=-■■ . . =88r feet. 

Tben (250-41Sr) fi8r=the unite of work performed by tlw 
horse in a niinutc= 33000'. From this quadratic equation, 

the value of r is found to be 3 miles ; 



Traction = 125 lbs., 



and the load will be 



I 

I 



Qiies. 14. At what rate will a horse draw a ton, on a 
road whose coefficient of friction is ^ f 

Traction = ?H9=701bs. 

.-. 70=250-(4U)f, 

. __ 250-70_,,«„ 



41* 
miles an hour. 



,, his 



Qites. 15. When a horse exerts a traction of 41§ 
rnte ot motion'is 5 miles an hour, what gross load will he 
draw on a level road whose coefficient of friction is ^^, and 
what work will he perform a minute 1 

Load=30x41|=12501b§ 
Distance moved in feet per minute, 
5 X 5280 



Work=iJ^xUO= 



I 



Quel. 16. What mmt be the horse power of an engine, 
to cut 6600 square feet of planldng in a day of 10 hours 
long? 

It requires, according to experiment, ahout 39000 units 
of work to saw a ajaare foot of green oak planking, there- 
fore, 

The work in catting 6600 square feet, 

=29000 X 6600=101400000- 
. 191400000_ 



10x60 
319000' 



=319000', 



33000' 



=9i HP. 



Qw». 17. An engine of 24 effective horse power cuts 
144 square feet of American live oak in 5 minutes, how 
many units of work are consumed in cutting a square 
footf 

The work of the en^ne in five minuteB, 

=33000 X 5 X 24=3960000, 
the work destroyed in catting 144 sqnare feet. 
I Heiefore the anila of work ezpecded in catling one sqoare 

^r ON THE MOVING OF BODIES OH INCLINED PLASBB, AND 
T ltR IU.I8INO OF MATERIALS. 

If a surface be supposed without friction, the units of 
work perfonned by moving a body along it ia equal to the 
product of the weight of uie bodjr in pounds, hy tha '(«t- 
tical height in feet through wjjj'cb it is raised. 



=3960000^2^500. 



CHAPTEE m. 
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To move a body along the path A E G 1, may bo 
imamiied the same as to move it along and up an infinite 
numcier of steps, resembling A B, B 0, C D, D E, &c. 
And since friction is neglected, there is no work required 
to move the body in a horizontal direction, all the work is 
expended in raising the body in the perpendicular direc- 
tion ; hence the units of work required to raise a body from 
L to I equals tlie units of work required to move it along 
I the path A C E G I, the friction of the path being 
Defected. 

The prindple here explained holds true for inclined 
planes. 

EXAMPLES. 

Question 1. A train of 200 tons ascends an incline which 
has a rise of 5 feet in 1000, with a uniform speed of 30 
miles an hour, what is the effective power of the engine, 
the friction being SJ lbs. to the ton ? 

The pressure of a body on an inclined plane is nearly 
equal to its weight, when the inclination is small, hence 
the work due to friction may be found by the method en- 
plained in the last chapter. 

Speed of traia a minute ^2640 feet. 

Weight of train in lbs. = 448000. 



of tie rail in oae foot. 
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X2640 = 13'2 feet, 



1^=267" 3- 



|tii« rise of the rail in 2640 feet, 
Conseqnently the whole weight of the tmn is raised, 13*2 feet 
ev«rj iniiint«,in opposition to gravitj. 
Work ifue to grnvity a minute, 
= *480(Wx 13-2=5913600'. 
Work dae to friction a minut«, 
= 200 X oi X 2640=2904000'. 
Total work of the eagiiie n minute, 
=6913600+2904000=8817600'- 
8817600 
33000 
Ques. 2. A train of 330 tons ascends an incline that has 
a rise of 4 in 100, n'hat is the maximum speed with an 
engine of 120 horse power; the friction of the rail 8 lbs. 

a ton? 

Let f be the speed of the train iu feet an honr. 
The rise in each foot of mi), 

=t divided by 100=itBt 

[ the rise of the rail in x feet. 



500 
The work dne to gnsity iu an boor. 

=330x2240 ,<^=14' 
Work dne to Motion in on hour, 

330x8x2=2640 



It is evident that the work due to gravity in an honr, 
I added to the work due to friction in an honr, must be equal 
I to the work done by thu engine in an hour, 

.-. 33000' X 120 X 60=2640 x ;H-1478 4 x x, 



237600000 

*=-rii~ 




re of 50 hone ptm'cr asceada a. 




I 




so 

Iiaving a rise of J in 100 ; with a steady speed of 20 miles 
an hour, what is the weight of the train in tons, the friction 
per ton being 8 lbs. 1 

Let X be the neight of the train in tons ; the work required 
to Dvercome friction, 

= 1760x8x«=14O8Ox*. 
Since a ipced of 20 miles an hoiir^l760 feet a minate 

riee of rail in a foot, 

= J divided by 100=T4n ; 
rifle of the rul in 17601 

work dne to gravity, 

=2240 x«x 132=39568 x ^ 
work of the engine a minnte, 

= 33000' X 50 = lOSOOC, 
Conseqnentlj, 

14080y+29S68x'=1660000' 
1650000 



43648 



= 37-8 tons. 
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Quet. 4. A train of 100 tons descends a gradient having a 
rise of a ^ of a foot in 100 feet, at a uniform speed of 60 
miles an honr, what is the horse power of the engine, fric- 
tion reckoned at 8 lbs, a ton t 

60 miles an honr = 5280 feet a minate ; 
Work due to friction, 

= 100 X 5280 X 8 =4234000'- 
Rise in one foot, 

= J divided by 100=rfo. 
Rise in 5230 feet, or in one minute, 

Work due io graTity, 

=224000 X 13-2 = 2Q&QQW- 
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In this case gravity acte with the engine ; 
■ ■ 4334000' minng 3056800 = 1367300' 
1367200' 



33000 



"■4. 



Qm£. 5. If a horee exerts a traction of 144 lbs., what 
weight can he pull on a plank ruad, up a hill that has a rise 
of 3 feet in 190 feet, supposing the coefficient of friction to 
be A' 

Work of the howe in moving over 190 feet, 

= 190x144=37360. 
The work of friction in moving j: lbs. over 190 feet, 
-^x 190 = 9-5*, 

eopposing £ to be the required load ; 

The work due to g^aritj, when the load is moved over ISO 
[ reet=3z; 

.-. 95*+3*=37360; 
^^3736p^21gg.8,b,. 
125 

Ques. 6. What would be the backward pressure of a 
I horse in going down hill that has a rise of 15 feet in 369 
I with a load of 2000 lbs., supposing the coefficient of friction 
jtobeVfl! 

Work dne to gravity in moving 2000 lbs. 369 feet, 

= 2000x15 = 30000; 
Work dae to friction in moving the load 369 feet, 
2000^ 



< 369 =34600; 




Quel. 7. How many horses would it take to Atoti Sl\« 
oi e Urns up a Ml having »'Uo of 2{ in lOOtSQ^^ra^lVftJ 
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resistance of friction to be j^ of the whole load, and the trac- 
tion of each horse 160 lbs. 

Let X be the number of horses. 
Work due to frictioo in moving 6 tons over 100 feet, 

= «-i^°x 100 = 112000. 
Work of gravity in moving 6 tons over 100 feet, 

= 6x2240x2^ = 33600. 
The work of x horses in paesing over 100 feet of this road, 
= 160xa:x 100= 16000 a;; 
.-. 16000 x = 112000+33600, 
. ,_14B600_ 



16000 



= 9-1 borees. 






The work in raising materials, 
having a given form, will be their 
weight multiplied by the per- 
pendicular height to which the 
centre of gravity is raised. 

Suppose the body, A B, to be 
raised from the horizontal line, 
Q R, and the point, C, to be the 
middle or centre of gravity of the 
body ; let e and r be points equi- 
distant from 0, and the centres 
of gravity of two equal solices 
A D, E E. Now if eqnol weights, 
say for example 5 lbs., be placed 
at e and r, tlie centre of gravity 
of these weights will be at C, 
then 



Work in raising 5 lbs. to r= 5 x H 
But H r+H 



Ham =5x(Hr+Hg) . 

2HC; 

=10xHC. 
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V That is, 10 lbs. raised from II to C is the some amount of 

r work as 5 lbs. raised to r, and 5 lbs. raised to e. The same 

may be proved of any two equal weights, one of them rais^ 

as far above the centre of gravity C, as the other is 

below it 

Qua- 8. Required the units of work in raising the mate- 
rial of a wall 22 feet long, 13 feet high, and 2^ feet thick ; 
Bupposing the weight of a cubic foot of the material to be 
1 140 lbs. f 

Contents of the wall in cubic feet, 

= 22x:3x2i = 715. 
Weight of the wall in pounds, 

= 715 xUO = 10010, 
The heigU of the centre of gravity of the whole wail, 

=H=6ifee1; 
Work = 10010 X 6i = 66065- 

Qtieg. 9. Tht shaft of a pit is to be sunk 120 feet deep, 
and 6 feet in uameter ; in how many days would a man 
working with i wheel and axle, raise the material, sup- 
posing a cubic toot to weigh 100 Ibs.t 

The area of a circle is found by squaring the diameter 
and multiplymgby •7854. 6 squared or 6'=y(j. 
Number of cii^ic feet in the shaft, 

= 6'x -7854 X 120 = 3392-928 ; 
Weight of thematerial. 

Kl00 = 339292-81b8. 



The tmits of vork to raisi 



20357568; 



for it is cleat that tie centre of gravity of the shaft ia 60 feet 
from the top. 

A man will perfen 3600' irorking 8 houia & &e.^ , Xunau^ 
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Dmts of work in 8 honrs, 

^ 2600' X 60 X 8 = 124800a 
Tbfl number of days required, 

_ 20357568 _,,^^ 
1248000 



Ques. 10. Beqoired the work in raising 3 cwt. of coals 
from a pit whose depth is 120 feet, the circamference of 
the rope being 2 incnea, allowing the weight cf 1 foot of 
the rope of 1 inch in circumference to be '046 bs. t 

The weiehts of ropea of the same material, and of the 
Bame lengUi, are aa tne squares of their circui"'""""" 
Weight of one foot of rope, 

= 2»x04G = -184Ib8. 
Weight of the whole rope, 

= -184xl20 = 22081b8. 
Units of work expended ia rBising the roptf 

= 2208 X™ =13248. 
Work in nusing the coals, 

= 112x3x120=40320, 
Total work, ' 

= 403207f 13248= 4164^. 

Qtua. 11. A cistern 22 feet long, lOfeet broad, and 
8 feet deep; required the work in filing it, when the 
height of tne bottom of the cistern fron the water in the 
weu is 3l5 feett 

Taking 1000 oz. or 62^ lbs. ae the wei^t of a cubic foot of 
water, the water in the cietem, 

= 22 X 10 X 8 X 62-5 = 110000 lie. 
The height to which Uie centre of graatjr of the water baa 
to be raised, 

= A 4-36 = 40 feet. 
Trori=J10000x 40=^000^0. , 



I 
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Qua. 12. The side A B of a cnbe of granite is 6 feet, 
uid the weight of a cubic foot is 170 lbs. ; it is reqnired 
to find the work necessary to overtom it on the edge 
at A, Fig. 41 

The distance of the centre of gravity, g, from the 

Iedge, A, 
I = •>/— =4-24 feet. 

When the body is about to fall, the centre of gravity is 
raised from r to n, consequently the work in overtuming 
the body is the same as raising its whole weight a perpen- 
dicular height=r n, 



Woi4 = 170x6' 



rB=4-24-3=l-24. 
< 1-24 = 45532 8. 



In a body of any form about to 
fall, the centre of gravity, y, will 
be at n in the vertical line, A C, 
the work in bringing the body to 
this position is aue to the ver- 
tical distance, rn, through which 
the centre of gravity has been 
raised. The work necessary to 
overturn any body is the true 
measure of stability. 
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Ques. 13. Let a round shot strike a hea^-y pendulum 
block, AB, Fig, 5, and move with it to the position ah; 
let O be the point of suspension, G the centre of gravity 
of the block, shot, and pendulum taken together; O G = 
17 feet 5i inches; 0P= 12 inches, and the point p to bo 
2| inches lower than P, or « P= 2} inches. Find the units 
of work done by this round shot ; the weight of the com- 
pound body put in motion being ^ tons 4 cwt. 25 lbs, ; 
friction and the resistance of the air being neglected, 

OP: Ps:: OG: OC, the 
distance throogh nhich the centre of gravity, 0, is raised 
—that is, 

12 : 2j :: 17 feet Sj inches : 4 feet nearly. 

3 tons 4 cwt. 251bs.=7WS\bB. 

7193x4 = 38773, the units ol wot^t Tw^jBuA. 
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Ik this chapter I intend to treat of the transmission of 
■ work by simple machines; it may be obsen'ed, that the 
I object of machinery, whether simple or compound, is to 
I iegulat« the distribution of work, or to change the direction 
I — and not to increase work. 

If the parts of a machine were not subject to friction or 
my other refflBtances, the work given out would be exactly 
equal to the work applied. Dead matter, by its gravity, 
produces pressure, and, by the intervention of mechanism, 
thai pressure may be increased or decreased ; but vtork 
is peculiarly the production of active or living agents. 



■ THE LEVER. 

' Suppose two uniform 
bars, A B, B C, to be 
suspended from their 
centres, n and m, by 
means of cords at- 
tached to tlie points 4 
and 3 of the lever D E 
turning on the fulcrum 
F, which must evi- 
dentlv be in the middle 
of D'E = AO,andove 
the middle of A C, £i 
order to secure equili- 
brium ; that is, in order that the two parts may rest liori- 
zontally as if they were in one piece, and suspended by the 
middle point, S. It is also evident that the ei\vu™T\Min. 
will not be destroyed if the bars be hune bv l\\e\l etii.^ »'(. M 
t^ points 4 and 3,^^^^^^^^^^^^^^^^^^^M 
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Let the weight of the bar, AB = 61bs., and the weight 
of B C = 8 lbs,, then A B will contain 6 units of length, and 
B C, 8 units of length. It is evident from the 6gurfi that 
F q, the distance at which A B acts from the fulcrum, con- 
tains 4 units, and Fp, the distance at which B C acts from 
the fulcrum, will contain 3 units; then since it appears 
that a weight of 6 lbs., suspended at q, balances a weight of 
8 lbs., suspended at p ; tnerefore the following relatioii 
exists when equilibrium lakes place : 

6 lbs. X 4 = 8 lbs. X 3, generally 
tpX9F=WxFp. 

Lerers are divided into three kinds : In the ^rst kind of 
lever, the power and weight are on opposite sides of the 
ntlcmm. 



A B 13 a lever of the flrst 
order, F the fulcrum or 
prop, P the power acting 
at C, and W the weight at- 
tached to the point D. If 
CF be twice D F, 5 ibs. at 
G will balance 10 lbs. at D ; 
generally as manjr times as 
C F is longer than F D, so 
mnny times will W be greater than P. 

Lever of the second 
kind. — ^The weight is 
between the fulcrum 
and the power. W is 
the weight, F the ful- 
crum, P the power. 

When the lever ia 
supposed to be without 
weigbt, then if the 
length of A F = a, and 
B F=p, the ijower P 
balances the weight W, 
w\ieti 




BEOOHD ORDER O 




PKACTICAL MECHANICB. 



W Third Ictnd or order 
of lever. — In this cose 
the power is between 
the lalcnim and the 
weight. P represents 
I the powe^ F the ful- 
' cruin,andW the weight. 
Generally if B F=p, 
and P F=y, the power 
P baJancea the weight 
W, when 
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Quetlim 1. In a lever of the first kind. Fig. 7, let W= 
30)bs. The arm 0F = 11 feet, the arm FD=4; re- 
quired P t 

Pnti = Pinlbs. 
Then by the eqaalit; of moment», 



11 " 

Ques. 2. A man exerts a pressure of 50 lbs, on a crowbar 
at a distance of 4 feet from the fulcnim, what weight will 
he balance at the distance of 3 inches from the fulcrum t 
Wx 3 = 50x48, 
/. W = 8001bB. 

Qu«i. 3. In a lever of the second kind, Fig. 8, 'W= 
lllbs.,BF=16inches,andAF=100 inches; requiredPt 
PxlOO = llxl6, 
.-. P = l-7Glbe. 

Qim. 4. In a lever of the third kind. Fig. 9, W=:40 ; 
J F=60 inches, andPF=8; required P» 
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Ques, 5. In a lever of the first kind, 5 and 8 lbs. are 
placed on one side of the falcmm, at a distance of 6 and 4 
inches respectively from the fulcrum ; required the powei 
P, acting at the distance of 9 inches from the fulcrum, te 

maintain equilibrium t 

Px9-5x6-t-8x4, 




i 

\ 



Ques. 6. In a combi- 
nation of three levers of 
the first order, repre- 
sented on the accom- 
panying diagram, Fig. 
10, the long arms are 9, 
7, 8, inches respectively, 
the short arms 2, 3, 1 inches ; if a pressure of 10 lbs. be 
applied at P, what is the pressure at Q to balance it ? 
9xl0 = 2xthe presanre at A, 
The pressure at A = 45 lbs., 

7 X 45 = 3 X tlie pressure at B, 
Pressure at B= 105 lbs. 

105 X 8= 1 X the preasurB at Q. 
Preaaure at QeS^IO lbs. 



Qiies. 7. Let P f i 
F W be the aims of a false 
balance, a certain weight, Q, 
weighs 16 lbs. when put in 
the scale attached to the 
long arm, and only 9 lbs. 
w hen weighed in the oppo- 
site scale ;what is the true 
weight of Q» 





By the equality of momenta, the two folItnring eqastions are 
obtained : 

QxWF=9xPF; 

QxPF=16xWF. 
Multipljing these equationa together, and then striking ont 



e common factors. 



QxQ=9xl6; 
.-. Q=I2. 
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THE FEIWCIPLE OF WOEK APPLIED TO TITE LEVER. 



Let B F = 10 feet, F A = 2 
I feet, and P = 31b8.; requiredWT 

It is evident, if P be raised 5 
feet, W will be depressed one, 
because F B is five times the 
length of F A ; consequently 
the work of P=3x5, 



•nd the work of W= W x 1 ; 



Wxl=; 
■. W=15 




Hence tlie egnality of moments is readily established by 
the principle or work, and conversely. When the motion 



eanahtv of moments is readily es 
or work, and conversely. Whet 
:tremely small, the principle of work b termed the prin- 
ciple of virtual velocities. 



I OF THE LEVEB WHEN ITS WEIGHT 
ACOOUNT. 

The tendency of s uni- 
form beam or lever, A B, to 
turn about the fulcrum, F, 
is just the same as if the 
whple of its weight were 
collected in its middle point, 
or centre oifravhy, C For 



i TAKEN INTO 





I 



' the preponderating side, A F, be hung from a cord, m r, 

filaced so that A m = nB, then this cord will sostain one- 
lalf the weight of the beam, and the fulcrum, F, tlie other 
half. Now, if the whole weight of the beam be collected 
at C, the centre, it would produce the same strain upon the 
cord, hence the beam acts as if its whole weight were col- 
lected in its middle point. 

Queg. 8. The weight of the lever of the first kind= 
lOlbs., Fig. 7, the length A B=56 inches; AF=40; 
CF=36; l)F=5inche3; and W=150 lbs.; required P, 
in order to maintain the lever in equilibrium t In this case 
the weight of the lever acting at its centre of gravity, m, 
co-operates with the power, 

m F=A F-A m, 
=40-i of 56=12 
Tlien bj the eqa&lity of momenta, 

Px8G+10xl2=5xl50. 
P=1725 Iba. 




Ques. 9. The weight 
ofthe lever SK, Fig. 14, 
of the first order=31 
11 '^ S E=85 inches'; 
S F=55; A F=43; 
Bt=19; and W=34 
lbs. Required P 1 



L 



8 0=2?=42i 
2 — - 

CF=I24; 

,*. Px48+81xl2i=Wxl9, 

p, 34x19 — 81xl2i _f^,_l, 



raviy, tti, 

4 
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Qw4. 10. The weight of 
« lever, Fig. 15, of the 
second order=8lb9. SR= 
80 inchea; SF=76; AF 
=70 inches ; B F=2 inches, 
»ndP=100!bs. required Wt 



of the lever acts with 



weigl 



I 




X 2+8x36 = 100x70, 
.- W = 33561bB. 



Que». 11. A beam, RS, Fig. 15, whose weight is 4cwt., 
b sapport«d by props at A and F ; a weight, W, of 20 cwt. 
is placed at B ; it is required to determine the pressures on 
the props, when RS=50 feet; F R=2 feet; B F=12 
feet; AF=30feet! 

Let C be the centre of the beam, then C R=\ of 50=2fi; 
CF=2S — 2=23; suppose the beam to tnm on Fas a fulcniin, 
the pressure on A, 

»=Px30=20x 12+4X23, 
. p_332_,, 2 . 

Because the two props sapport the whole weight 21 cwt,, 
H — ll^=12f| cwt. the pressure on F. 



1 A F is a p^uated lever of the second kind, turning on 
F as a centre ; V the valve of opening or closing the com- 
munication of steam in the boiler witn the atmosphere ; the 
lever, A F, rests upon the pin, Q V, of the valve, V, and a 
sliding weight, W, is suspended from the lever, enabling 
the en^eer to place different amounts of pieasuTft Qtv \Ibfe 
valve ; this preeeare meaiuraa the elasticity ot \]be &'uekia. 
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when it begins to escape. When steam of very liigh tem- 
peratuie is employed, the admission of atmospheric air is 
dangerous, and under such circumstances tliis valve may 
be properly termed the unsafely valve. Li order to gra- 
duate tne lever, a weight, W, must be found, so that when 
it is placed at A it may balance the greatest pressure of 
the steam. 

The next thing to be foiind, is the position of the weight 
W, to give any proposed pressure to tne valve. 




EXAMPLES. 



Qu«. 12. The length AF of a ]ever=U inches; the 
distance F Q=2 inches ; the weight of the valve and pin 
=51b3.; the weight of the lever P A = 8 lbs., and the area 
of circular valve m the narrowest place = 6 square inches ■, 
it is required to find the load W, so that when it is placed 
at the extremity of the lever, the steam may have a pres- 
sure of 30 lbs. on the square inch, or 45 lbs. including the 
pressure of the atmosphere f 
PrBBSure of steam on valve, 

= 6x30 = 180 lbs, 
H«ioe the effectire pressure on the lever, 
= 180 — 5 = 17^ lbs., 
■iltM Ibe weight of the lever will act at the middle point, 0, 
WxU+8x7 = 175x2 
.'. W=21 lbs. 

QuM. 13. At what distance from the fulcrum must the 
load be, in the last example, so that the steam may have a 
unaware of ISIbu. ovar the praasuie of th« atmos^nere t 
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16x6-5 = 91. 
SoppoM D , Fig. 16, to be the reqaired position of the load, 
ben 

PDx81+8x7 = 91x2; 
.-. FD = 6 iachee. 

Qtus. 14. In a bent lever, Fig. 17, the perpendicular, 
O A, on the direction of the force, P, is 4 inches ; and 
the perpendicular, O B, upon the direction of W, is 7 inches ; 
required P when W = 200 lbs. ' 




Qtiei. 15. A rope, AD, Fig. 18, rapports a uniform 

' pole, OD, resting on the ground at O, and supporting 

the weight, W, suspended from D ; required the tensior 

of the rope, when AD = 175 feet, O A = 40 feet, OD = 145 

feet, W = 50 cwt., and weight of O D = 10 cwt. T 

In this example O D may be regarded as a lever tvinv- 
ing on O aa a centre. Draw O P perpendicuVax to K\i , 
ud CJ^ a vertical line, passing through iht ce&Xi« ^ 
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gravity, C, of tlie pot«, then the moment of the force 
stretching the rope will be equal to the sum of the mo- 
ments of vV and the weight of the pole ; that is, 

Tension of cord x P = W x N-f- Wt. of pote x R. 
To liiid the perpendicalars, 

P, D N, C R, 
ID order to do this in the most simple manner, it will be 
observed, that since the thi^e sides of the triangle, A O D, 
are given, the area may be found by the common rule ; 
the area = 2100 square feet; but the area is also es- 
preesed by 

ADxOP „.„„ 
— -g— =.2100, 

OP=24 feet. 



.-. D y= 105 fee t. 

ON = v/l46'— 105'.-100, 

.-. OR = 50. 

1«uionofcordx24 = 50xl0+t00x60. 

Coueqnently the tension of the cord 

=229i c'Ht. 
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THB CENTBE OP ORAVITT. 



Without involving error, we may suppose a bodyacted upon 
by tlie earth's gravity to be composed of an infinite number 
of particles, each of which is acted on in a direction perpen- 
diculai- to the horizon. The sum of all the parallt'l forces 
is evidently the weight of the body. 

There is a point, where a single force, e<\u&\ to the 
weight of the body, being applied, will produce the same 
effect as the force of gravity acting upon the various par- 
ticles coRiposing the body ; this point is called the centre of 
gravity of the body. From this definition, it immediately 
follows that if the centre of gravity be supported, the 
body will stand, and fiee versa. But it must not be for- 
gotten that a heavy body may be moved with ease on an axis 
passing through and snpporting its centre of gravity. That 
tlie centre of gravity of^all symmetrical or regular Dodies is 
in their centre of magnitude. That if any body, acted on 
by the force of gravity, tend to turn a lever, we may regard 
the weight of the whole body to be collected in its centre 
of gravity. 



I 




Ques. 16. Let A, B, and C, be three bodies in the same 
right line, it is required to determine the position of their 
common centre of gravity, O, with respect to any assumeil 
point,F,when A = 6lbs.", B = 41bs., C. 10 lbs.; AF=10 
feet, BF=25feeI, and C F=42 feett 

Let it be supposed that an inflexible rod, without weight, 
passes through the bodies, and that the system turns upon 
F as the fulcrum ; then as the whole mass ma^ be Teg«4fiA 
U acting In the point G, by the equality oi nvomtirta. 
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^B F Ox (6+l+10) = 6x 10+4x25+10x42, 

^V .% FGx2O=580, 

^ F = 29 feet. 

Let A, B, &c., beinp any number of boilies lying in the 
Bame horizontal plane ; it is ret|uired to determine tlie posi- 

^^ tion of the centre of gravity, G, referred to two axes or 

^L lines, OX, O Y, perpendicular to each other, these lines, 

^H O X and O Y, are termed co-ordinate axes. 

^V Conceive the bodies to be connected with the axis, O X, 
by the perpendicular rods, Ad, Bb, &c., then the sum of 
the moments of the bodies, tending to turn round the axis, 
O X, will be the same aa the moment of the whole mass, 

» collected in the centre of gravity, G. From this equality 
the distance of G from O X is obtained. In precisely the 
•ame way, we lind the distance of G from O Y ; and hence 




the point G becomes known. After the same manner the 
po/fition of the centre of gravity may be found, when the 
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bodies are in space, by referring them to co-ordinate 
planes, 

QuM. 17. The weights of three bodies, C, D, E, are 10, 
17, and 9 lbs, respectively (Fig. 20) ; and their distances 
from O X are 8, 16, and 28 inches, and from O Y, 38, 24, 
and 11 inches respectively; reqviired the position of the 
common centre of gravity 1 

Let X be the distance of the centre of gravity from the 
axis, O X ; and y the distance from O Y, then 

(10+17+9) «=10x 8+17 X 16+9x28, 

.-. *=16t, 
(10+17+9) y=10 X 38+17 X 24+9 X 11, 
„i 23 



WHEEL AND AXLE. 



This simple machine is 
only another form of the 
lever where the power is 
made to act continuously ; 
it consists of a large wheel, 
A D, and a cylinder, or 
Rxle, B F, both of which 
turn on the same axis, O. If 
the wheel, A C D, be turned 
round by a power, P, ap- 
plied to it, the axle, B F, 
will coil up the rope by which 
the weight W Imngs. The 
lever by which P acta is 
evidently A O, and that by 
which W acts is O B ; hence 
when these weights, or pi-es- 
(ures, balance each otlier. 




TxvVO^WxU li. 




F 
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If the wheel be displaced by a. handle, then the machine 
is termed a teindlass. Sometimes the handle b made to 
turn a aeries of wheels acting on each other by means of 
teeth ; a machine so formed is called a crane. 

I will now consider the equilibrium, on the principle of 
work. 

When the diameter of a circle = 1, the circumference = 
3-1416. 

When the wheel makes 1 revolution, the axle also makes 
one. In one turn F descends a space, 
=2xOAx8H16, 
and W Bscends a space 

=2x0 Bx31416. 
The work done hj P in one revolution 

=3xA0x31416xF; 
and the work of W iu one revolution 

=2xOBx31416xW. 

It is clear that the work done in one reYolution is equal to the 

work applied, friction being neglected, 

.-. axA0'<31416xP=2x0Bx31416xW. 

.-. PxOA=WxOB, 

which is the relation already estabiiehed. Conversely, if we 

assume the equation of equilibrium, the principle of work may be 

readily established. It must be reniembered, in applying the 

principle of work, that A, O B, are taken in feet or decimal 

parts of a foot, and that W and P are measured in lbs. 

Qves. 18. The handle of a windlass is 18 inches, the ra- 
dius of the axle = 3 inches, and the power applied = (50 lbs, ; 
what weight could be raised, friction being neglected 1 
Work of P in one revolution. 



I 



= 60 x?i|?x 31416. 

Work of W in one revolution, 

=Wx^^x31416. 

•■• Wx^^x31416 = 60x^ii?x31416. 

.-. W = 360 Ibe. 
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QiU3. 19. Required W in the last ex&mple, when th« 
tbickness of the cord is 1 inch, supposing that ^ of the 
work applied to be lost in friction, and the rigidity of the 
cord* 

The cord increases the radius of the wheel ^ of an inch, 
hence 

Work of W in one revolution, 

EEfectiTe work of P in ono revolulaon, 

7 



X 3 1416; 



=ix 60x3x3 1416, 



8 



B=Z 



Wx^x 31416= 4x80x3x3 1416. 



4 



OF COGGED OB TOOTHED WHEELS. 

Suppose the cogged wheel D E to turn upon the sama 

aiis, K , as the wh^ C ; Q R another cogged wheel, acted 




I 

I 
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Dpon by the former and turning npon the same axis as the 
axle Ij. From the wheel C is suspended the weight P, 
and from L the weight W ; then while P descends, the 
wheel C and the cogged wheel D E will be turned from 
right to left, but as each tooth in the cog-wheel D E is being 
turned round, a corresponding tooth in the cog-wheel Q R 
will be turned in ttie contrary direction, and thus the cord 
L W will be coiled up on the axle L, and the weight W 
raised. 

Ques. 20. Let P=120 lbs., the diameter of the wheel 
C.=3 feet, the number of teeth in D E=ll, the number 
in QR=14, the diameter of the axle L = J a foot; re- 
quired W, in order that equilibrium may take place, friction 
being neglected? 

For every turn of the wheel C, 11 teeth of the wheel 
Q will be turned round, therefore as many times as the 
number of teeth in D can be taken out of the number in 
Q, HO many turns will the cog-wheel D E make while the 
wheel Q R makes one. 

Ijet the axle L and wheel QR make one revolution, 
then the revolutions made by the wheel C, 
= 14 divided by ll=f(- 
The space moved over by W, 

=ix31416! 
The Bpace moved over by P, 

iix3x3-1416i 



Work due to W= 


|x31446xW 




^ 


Work duo to P=3 


x31416x||xl20. 




Since the work c 


le tn P and W are 


equal during 


one rs- 



Tolution of L, neglecting frictioi 

I X 3 1416 X W=l* X 3 X 3 1416 x 

,-, iW=4fx8xl20. 

W=916 -jii lbs. 
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Que>. 21. I<et the handle of a crane, Fig. 22, describe 
the circle AC, vrhose radiQS=l9 inches, and suppose 12 
the number of teeth in D E, and 60 in Q R ; the diameter 
of the axle L=4| inches; it has been found that 200 lbs. 
pressure applied to the handle will only raise 5000 lbs. ; 
what ia lost oy friction? 






Feet passed over by W ii 



one revelation of Q R, 



5, the epBce passed o 
(31416x5- , 



r by P for one revolntion 



UniU of Work due to P: 
38x31416x6 



200 



4^x31416. 



W, 



12 12 

the friction being neglected, in this case W = 8000 lbs. Hence 
8000 lbs. is dne to the friction of the machine, | of the power 
being loEt. 



COMPOUKD WHEEL AND AXLE. 
In the ordinary wheel and axle, there is a practical limit 
» the power of the machine ; for we can only increase the 
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power by increasing the size of the wheel, or by decreasing 
the r&dius of the axle. But in the compound wheel and 
axle, a given power may be made to raise very great 
weights. 

The machine consists of two axles, A and C, cut upon 



the same block, round which a cord coils in opposite direc- 
tions; this cord passes round the movabfe pulley D, 
which carries the weight W. Now, if the handle be 



I 



turned, one of the conla is coiled upon the large axle A, 
while the other curd is uncoiled from the small axle C, bo 
that the rate at which W ascends depends upon the diffe- 
rence of the circumferences of the two axles ; and, conse- 
auently, the power of tlie machine will also depend upon 
lis difference, which may be decreased to any extent, 
without altering the length of the handle. This ingenious 
contrivance is due to the Chinese. 

Qufi. 22. Let the diameter of the axle A = "8 feet, the 
diameter of axle C=-6 feet, the length of the handle 
HH=3i feet, and \V=tiOStOlbs. Required Pt 

When the handle Hw, Fig. 23, is turned once round, 
;he coni A will be drawn up a space equal to the circum- 
"enjnce of the axle .\, while the cord C will be let down a 
ipace eonal to tlie circumference of the axle (J ; therefore 
iio whole cord wnll be shortened a space equal to the dif- 
[erenoe ()f the c i re u inferences, and, because the cord is 



^ (u 



doubled, the weight W will be raised a space only equal to 
tlio half of this diflffrvnce. 



Un)t« of work ex)it<nilc<d on W in one revolation of Hh 
• 8x3 1416- e«31«16 ^^„^„^ 

Work don* npoD P, id ow> nrvoluUon, 
-7x3l416xP; 

8x3l<16— 6x3Uie..,^„ 



7x»-lH«xP=- 



OiTitUlv ouh 8it]« by S-U16, 



P=^x6090, 



FfiACTICAL UXOHABICB. 



THE PDLLEY. 



A pulley is a grooved wheel, turning on an axis, and 
placed in a block or case. A cord passes over the groove 
of the wheel, in order to trajismit the force applied in any 
proposed direction. There is no advantage gained by n 
single fixed pulley, except in changing the direction of the 
force applied, which is diminished by the friction of the 
pulley ; out, when there are movable pulleys, tlie weight 
raised will always be greater than the power applied ; and 
then the advantage depends upon the number of corda by 
which the v?eight is suspended, 

Quea. K3. In the annexed system of pulleys, if W=500 
lbs., required P, when equilibrium takes place T 




As W is suspended by two cords, c and b, eac\i cot^'^tJ^ 
^ wappoit 250lba. ; but aa the cord » wippQiad to Ww % ^ 
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free motion over the wheels, the portions a, b, c, will have 
the Bame stretch or tension ; hence F=250 lbs. 



I 



Application of the Pnttciple of Work. 

Let P and W be expressed in pounds, then if W, 
Fig. 24, ascends 1 foot, the cords c and b will each be 
shortened I foot, and ijierefore P must descend 2 feet. 
Hence the work of P 

=Px2; 
and the work of W ='W x 1 i 

.-. Px2=Wxl. I 



Ques. 24. Let there be two movable pulleys, each weigh- 
ing 4 lbs., then if P=601bs., required the weight raisai 
inaependent of the weight of the pulleys, on the principle 
of work T 

If P descend 4 feet, the first movable pulley will ascend 
2 feet, and the second 1 foot. 

Consequently, the work done in raising W and the 
pulleys 

=WxH-4xl+4x2=W+12i 
The workof P=60x4; 

.. W+12=60x4. 



the weight=220lba. ' 
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Qmi. 25. Let the cord I K L M 
N O P Q R S T, Fig. 25, made fast 
to the hook I, pass over two fixe ' 
pTilleys, u, and the two movabli 
pulleys, U, and a presaure of 200lbs 
applied at T waa found by expen 
ment to raise only a weight, W, of 
565 lbs.; what part of the power is 
lost by friction, the rigidity of the 
cord, and the weight of the mov- 
able pulleys? 

Woen the weight W is raised 1 
foot, each of the cords I K, M, O N, 
and P K, are shortened 1 foot, and 
the cord S T lengthened 4 feet. 
Hence, when friction, &c., are neg- 
lected, the work done on W in 
raising it a foot = W =< 1, which 
must be ^nal to the work of T= 
Tx4, as T moves 4 feet, while W 



Iivea over 1. 
the present case. 




200- UU =583, 
[ ^=-29375 the part of the power lost. 



OF THE mOUnED PIANE. 



To find the pressure necessary to support a body on an in- 
clined plane without friction. Let the weight W, rig. 26, be 
drawn up the inclined plane, A C, by means of the weight 
P, ftcting by a cord parallel to the plane; then whilst \V 
ii moved from A to C, the weight P will have deacand-ei 




Ques. 26. The length of an inclined plane is 30 feet, the 
perpendicular height 10 feet, and the weight of the body 
W — 20 cwL, what presaure, P, will be required to sustain 
the body on the plane, friction being neglected? 



Qius, 27. The length of an inclined plane is a mile, or 
5280 feet, the height 88 feet, the weight of the body 1760 
lbs., and the friction j-J, part of the weight, what p 
tnJJ be required to move the body up the plane! 
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In this case the inclination of the plane being slight, 
the prefisure upon it b very nearly equal to the weight of 
the body. 

.-. Preasure to overcome frictioa= '^> lbs. 
Work due to friction when the body is moved over one milo,= 
y^°x 5280-35200; 

Work dae to gravity, = 

1760x88=154880; 
Work of the pressure, P, apjdied to move the body, 
=Px6280; 
.-. Fx5a80=35200+154880. 

.-. F=S6 lbs. ^H 


OF THE WEDGE, OH MOVABLE IKCLINED PLANE. 

Let A B C be a wedge, Fig. 27, sliding on the horizontal 
plane A B, by the action of the presaui*e, P, applied parallel 
to A B, and thereby elevating the centre of gravity of a 
weight, W, in a vertical direction. When the wedge becins 
to act, the resistance, W, rests upon the horizontal plane 
A B ; but when the wedge has moved over a space equal 
to its length, the point o will have been elevated a height 
equal to Uie thickness, C B, of the wedge, and the centre of 
gravity, G,sonie vertical height m n ; then if A B=l-2 feet, 
BC=-2 feet, and the pressure at j^BOlbs., not taking 
friction into account, 

Work applied by P=Px 1-2. 
Workof y=60x-a; 

.-. Pxl2=60x-2i 

.-. P=101b8. \ 

This calculation shows that the advantage i^f the power 
dq)ends upon the thinness of the back of t^^ wedge. But 
it IS necessary to observe, that the astonishinj^ power of the 

n wedge, as osaally employed, is equally regr'^vable into tha 

K force of impact. 
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Qua. 28. With a velocity of 38"6 feet a second twenty 
blows of a sledge-hammer of 30 Iba. weight are delivered on 
the head of the wedge ABC, Fig. 27, and drives it 3 inches 
in the direction A B, W = 300 tons, its centre of gravity, G, 
moves from G to n, and is raised a vertical height w n = I inch 
when q is raised 2 inches ; find what part of the power, P, 
is lost to useful effect by friction when A B = 8 times C B. 

When the wedge is moved 3 inches the point q is 
raised | of an inch, and m n,-^g of an inch=5'j feet. 

It will be shown hereafter that the hammer of the given 
weight and velocity in twenty blows may develop 13896 
units of work to drive the wedge 3 inches, or in raising the 
centre of gravity t.\ part of a foot. 

;-. Wx ^ = 13896. 
.-. W=889344 lb8.=397^ tons. 

Hence the friction in this case amounts to a pressure of 
97]ir tons. (Se>^ how to estimate the units of work in a 
rvtating bo<}f.) 





this simple machine, 
Fig. 28, the pressnre ajipheci 
moves in a circle whose railius 
is the length of the lever C D, 
or ann of the screw, whilst the 
direction in which tlie wurk 
is done ia a right line. 

Qiut. 29. The lever C D of 
a simple screw is 6 feet, the 
Ihiclineas of the thread 
I=*04 feet; if a pressure, P, 
of 200 lbs. be appHed to the 
lever, what pressure, W, will be produced on the press 

^^H Bpac« moved over b; F, Id one revolation, 

^H =2x6x3-1416. 

^^P Space moved over by W, in one revolation =-04 feet. 

^H Work of P, in one revolation, 

■ =3 X 6 X 3 1416 X 300 ; 
^^m Work of W, in one revolution, 

■ =Wx04 

■ .-. Wx04=3x6x31416x300. 
^ .-. W=188496Ib8. 

The last (^nestion shows that the efficacy of the screw is 
obtEuned by increasing the length of the lever, or by de- 
creasing the thickness of the threads. 

Qusi. 30. The lever, C D, of a screw is 4 feet, and the 
thickness of the threads i inch ; required the pressure, P, 
that must be exerted on the lever to produce a pressure of 
12 tons upon the press-board B, Fig. 28 1 

In one revolution of the lever, the work done, 
= 13x3240xL=5Q0; 

r i of sn inch=A of n foot. 



I 
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In one revolntion of the lever the work applied, 
=px8x31416; 
.-. Px8x3 1416=560, 
/. P=22-28Ibs. 

Quet. 31. The lever of a simple screw is 2 feet, what 
mnst be the thickness of the threads, so that a pressure of 
5000 lbs. may be produced on the press-boards, by a pressore 
of 100 lbs, on the handle, or lever? 

Let X be the thickness of the thread, then, the work applied in 
one revolution, 

=4x31416x100=1356 64; 
Work done, 

=a:x5000=125664; 
.*. a;=-2513 feet =3 inches nearly. 
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OF THE COMPOUND SCREW. 

Thib mechanical contrivance consists of two screws ; 
one of which screws vrithin the other, so that whilst the 
large one is descending, the small one is relatively rising 
within the large one. In consequence of this compound 
motion, one revolution of the lever causes the press-board 
only to descend a distance equal to the difference of tlie 
thickness of the threads of the screws. 

Ques. 32. In a compound screw, the length of the lever 
is 2'5 feet, the distance between the threads of the laree or 
hollow screw is J of an inch, and of the small one half an 
inch ; if 60 lbs. pressure be applied to the lever, what is 
the pressure on the preas-boara T 

In one revolution the large screw descends 5 of an 
inch, but, at the saftie time, the small screw, by turning 
within the large one, ascends J an inch ; therefore tha 
press-board must descend a space = 

f — ^=^ of an iiich=^ of afoot. 



I 



PBACTICAL MECHAKIC8. 53 

Work done in one revolntion, 

Work applied in one revolntion, 

=60 x2x2-5x31416=94248; 
.-. W X ^,=942-48- 

W=67858-561b6. 

Quea. 33. If the length of the lever = 3^ feet, the thick- 
ness of the thread of the larger screw = J of ao inch, what 
must be the thickness of the thread of the smaller screw, 
BO that 20 lbs. applied to the lever maj prodace a pressure 
of 20 tons = 44800 lbs.? 

-{ of an inch^'j'j' of a foot. 
Let X be the thickness of the smaller screw in feeL 
.-. 20x7x3-1416=44800 Ws-^-) 
.: T>j-a:=-0098175; 



THE ENDLESS SCREW. 

Ih tliia machine. Fig. 29, the threads of a screw cut 
[upon a cylinder, B C, are made to act npon the teeth of a 
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^tovely, the lever is 30 inches long, and the piston-rod is 
attached 2 inches from the fulcrnm: if a pressure of 
100 lbs. be applied to the lever, what pressure will be pro- 
duced upon the large piston t 

Let the small piston descend -f of an inch, or -^ part of 
a foot, then I cubic inch of water will be thrown into the 
larce cylinder, and its piston will be raised ^j part of an 
inch, or ^^oo of a foot; 

Work on the small piston, 

|_ 100x30 
2 x«i-"i 



Work on the large piston, 

' '^4200' 



4200 



=41-: 



W= 175000 lbs. 



DICK'S ANTI-FRICTION CAM-PRESS. 



Tbis powerful machine, invented by David Dick, bein» 
almost free from friction and capable of so many useful 
modifications, may be ranked among the most ingenious 
contrivances of modem times. It obtained one of the 
highest prizes at the Paris International E.thibition. In 
the anti-friction cam-press, Fig. 31, let the power P ttUTi 
the roller R, and also the cams AQn, B S a; suppose the 
circumference of the roller R=the length of the arc n A= 
B a ; the points S R Q retained in the same straight line ; 
filleJ' wi^ stationary, but R and Q movable in the di- 
forces actin ^^^^ Q* Then it is evident, when P makes 
will be to one ^''^ press-board, C D, will move through a 
tures, or the sgfi ^Ufference of a b and m n, 
LetABCD.i ^."""^tT 
tAff axis of a cyl'mdx ° ** ~^°- 
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But by turning one of llie cams, as A Q m //, so that the 
side Q,m II take the position of the side Q A, then C D 
^11 move through a space = ab + mn, 

Quee. 36. Let a pressure of 2101bs. = P, perpendicular 
to RP, describe a circular path = 24 feet ; QA=Q/n = 
ftS=8B; ab = 2 inches, mn = '2'io inches, and the cir- 
■cumference of R = y inches = the length of the arc «B = 
■:ii A ; required the pressure Q on the press-board C I) t 
The Quits of work developetl by P in one reTolution equal 
24x310=6040= 
the aoitfl of work expended on the surface of R, or on tlio in- 
clined plane whose length = a fi = nA = the circuniferenco of R = 
tj feet. The height of this inclined plane = the differ- 
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. Qx 0126=5040. 

504O _ 
"■0125" 



=403200 lbB.= 180 tons. 




PRACTICAL MECHANICS. 



« 



I 



WORK OF BTEAM AND THE STEAU ENQINE. 

I-ET A B be a steam cy- 
linder, Fig, 32, and suppose the 
steam to exert a roean or con- 
stant pressure upon the piston 
C D ; if this constant jiressure 
be 35 lbs. to the square inch, 
then if a weight or pressure 
of 35 lbs, be placed upon every 
square inch of the piston, the 
steam would just be capable to 
move the length of the stroke. 
Therefore the units of work 
performed upon each square 
inch of the piston in one stroke 
will be found by multiplying 
the pressure of the steam upon 
1 inch by the length of the 
stroke in feet, and the units 
of work upon the whole piston 
will be the work upon 1 inch multiplied by the number 
of square inches or the whole piston. In high-pressure 
engines the pressure of the atmosphere is opposed to 
the pressure of the steam. Besides the pressure of the 
atmosphere, which is about 14'7 lbs. to 15 lbs. to the 

auare inch, a pressure of about 1 lb, to tlie square inch is 
ken for the friction due to the engine when unloaded, 
with an additional friction of about ^ the useful load or 
effective pressure, to allow for the resistance necessary to 
overcome the friction of the loaded engine. For example, 
if the pressure of the steam = 56 lbs. as it comes from the 
boiJer^ from which if 13 lbs. be taken for tho pressure of 
ie atmosphere, and 1 lb. for the fi'icUQu of the unloaded 
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engine, then the remaining 40 Iba. to the square inch will 
be taken ap by the mefai bad and its friction. 




e preMure of thi 



When a condenaing en^ne is employed, the pressure in 
the condeoaer is deducted instead of tliat of the atmosphere ; 
it is seldom more than 3^ or 4 lbs. to the square inch. 

For B condensing engine 
4 of load-|-l+4=total or mean presflnre of the steam. 

In a condensing engine let the total pressure of the 
steam = Ijl lbs. to the square inch. 

.-. ?load=61-5=56; 

.-. load =49. 

that is the effective pressure of the steam in tliis cbe«=49 lbs. 

The allowances given above in round numbers may be 
modified to suit particular cases without effecting the 
principle of work upon which our calculations are based. 



Quettvm 1. The area of the piston of a steam engine= 
8800 square inches, the mean effective pressure of the steam 
15 lb. tne square Inch, the length of the stroke 8 feet, the 
number of strokes a minute=23 ; what is the horse power 
of the en^ne ? 

Work done upon 1 sqnare inch of the piston in one stroke, 

L =15x8=120. 

Work upon the whole pist«n in one stroke, 
=120x2200=264000 
Work dona in one minute, or in 20 strokes, 



=fl&4000x 20=5280000 ■ 



I 



60 PHACTICAL MECHANICS. 

But the power of a horse being, 

=33000'; 
■ 5280000 '_.,flrt» 
33000' 



I Ques. 2. The area of the piston of a. high-preaaure engine 
is 625 scjuarc inches, the length of the stroke 6 feet, the 
pressure of tlie steam 40 lbs. the square inch, the number 
of strokes a minule=20; it is required to find the num- 
ber of cubic feet of water which tlie engine will pump 
from a mine whose depth is 396 feet, making the usual 
: for friction and the modulus of the pump. 



The modulus of a machine is the fraction which expresses 
the relation of the work done to the work applied. For 
example, if a machine should only perform one-half the 
work that is applied to it, then the modulus in this case 
would be i = "5. However perfectly a machine may be 
constructed, there must always be a certain amount of work 
destroyed by friction. The following table of machtaes 
for the raising of water is taken from Morin'g Micltaitiqm 
Pratique. 

Uodulu 

Incline Chain pump -38 

Upright Chain pump -53 

Bucket Wheel -60 

Chinese M'heel "58 

Archimedian Screw '70 

Pumps for draining mines '(56 

With respect to the present question we take the nw 
dulut -66. Then, 

ILoad+|load+l + 15=40; 
8 load_o^ . 
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]oad=21 lbs. 
Useful work of the engine a minute, 

= 21 X 625 X 6 X 20 X 66=1039500' 

Work to pnmp one cubic foot of water a height of 396 feet, 

=63 5x396=247600, 
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1 fiqnare inch of 



ConBeqnentl; the nambcr of cubic feet that will be pumped a 
Bunnte, 

_ 103950 0' .., ,- f , 

Qu^t. 3. The area of the piston of a high-pressure engine 
= 660 square inches, the length of stroke = 6 feet, the 
number of strokes a minute = 20; what must be the 
mean effective pressure of the steam, so that the engine 
may tlo the work of 25 horses f 

Kbe the nnniber of Iba. pressure c 
n, then, the nork a minnte, 
=a-x660x6xa0; 
.-. XX 660 X 6 X 20=25 x 33000 ; 

Quet. 4. The area of a piston of a high-pressure engine 
= 3000 square inches, the length of stroke =11 feet, the 
nnmber of strokes a minute =16; required the mean 
pressure of the steam, so that the engine may perfonp the 
work of 224 horses, making the usual allowance for 
friction. 



"toaoo ' 

7) 10-4166 



150000 

1-0000 
27'9046 lbs. total pressure of the steam. 
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Let X Iba. be the effective pressure of the steam. 
Work a minute with x lbs. effective pressure, 
=2X 3000 X 11 X 16=528000 x;r; 
The effectire work a minute will also be expressed by 
33000 X 224=7392000'- 
.-. 628000 xx=7392000'. 
,-. z=14 lbs. effective pressure. 
1-f 15+14-1-1 of 14=821bs. meanpreBBuraof eteam. 
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Quet. 5. The length of the stroke of a hii 
engine = 8 feet, the area of the piston 1000 inches, and 
the number of strokes a minute = 20 ; what must be the 
preasure of the steam so tliat tiie en^ne may pump 66 cubic 
feet of water a minute from a mine whose depth ia 896 
feet, making tlie usual allowances for friction anJ modulus 
of the pump 1 

The work done in one minute, 

=66 X 62 5x896=3696000' ; 

The modulus ofllie piiaip = -66; 
Hence the work of the engine a minute x '66 

=3696000', therefore the work a minute 
, 3696000 ^5600000. 

The useful work done one inch of the piston in one stroke, 



consequently the pressure of the steam 

=35+-H +15+1=56 IbB. 

In the steam engine, the source of work is the evaporating 
power of the boiler. 

The magnitude of the work depends npon the quantity 

of water evaporated in a given time, and also upon the 

temperature, and consequently the pressure at which the 

steam is formed. Experimental tables have been framed, 

giving the relation or the volume and pressure of steam 

from a cubic foot of water ; from these tables may be found 

H the volume of steam when its pressure and volume of water 

H are given, and vice versa. The following will serve as a 

^^ specimen of such tables : 

k J 



■ 
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70LiniH OF A OOBIO FOOT OF WaTEH 1M TH 


....o.S,„.„ 1 
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coBRBeposDiNO pBEssriiEB AMD Tekpbhatcbbs. ■ 
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Volume of th« 
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ptMMn 
hipoond. 


lag lempe- 


Slum com. 




ingtampo- 
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Fihrenbeit'i 
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St«m; 

volume of 
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109-3 
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37 
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797 


3 


126-1 


10907 


38 


S65-3 
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3 


141-0 


7455 


39 


8669 


693 


i 


lSS-3 


5695 


40 


363.4 


677 


G 


161-4 


4634 


41 


9699 


668 


« 


169-2 


3901 


43 


871-4 


647 


7 


176-0 


3380 


43 


972-9 


634 


S 


182-0 


8985 


44 


874-3 


630 


9 


187-4 


8676 


45 


275-7 


608 


10 


192-4 


9427 


46 
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696 


11 
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8328 


47 


87S.4 
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48 
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673 


13 


805-3 
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49 
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1* 
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60 
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IS 
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1578 


63 
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64 


8S7-9 


514 


19 
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SO 
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sa 
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SI 
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390-7 
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S4 
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1089 


60 


894-1 


467 


IS 
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1042 


61 


894-9 


460 


86 


843-0 
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63 


995.9 
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87 


845-1 
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63 
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447 


88 


847-1 


939 


64 


9981 


440 


S9 


849-9 


909 


65 
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67 
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68 
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73 


3071 


391 


87 


319-4 


333 


74 


308 


366 


83 


330-3 


330 


75 


308-9 


381 


89 


331-1 
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76 
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377 


90 
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77 


3108 
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91 


3237 
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78 


3117 


3GS 


9i 


333-B 
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79 
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93 
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80 
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94 


336-0 
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81 


8143 


355 


95 
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83 
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96 
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S3 
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396 
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= 120 square inches, the length of the 6troke=2*4 feet, 


the efEective evaporation of the boiIer=-5 cubic feet a 


minute, the pressure of the steam in the cylinder 64 lbs. on 
a square inch ; makiiic the usual allowance for the loss due 
to friction, required the useful load on each square inch of 


piston, and the useful horse power! 


f UBeful load=6i-I5-l=43. 


Useful loiMi=42 lbs. 


From the table it will be found that a cubic foot of water 


raised to steam of 64 lbs. pressure has a volume of 440 


cubic feet. 


Volame of steam evaporated a minuta 


=440x-5=220 cubic feet; 


Volume discharged at each stroke 


_120X24_ ^U 


U4 ^^^B 


M 
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The Qumber of strokes each minnte 

The work in one stroke 

=42 X 130 X 3 4=12096. 
Work in one mtnat« 
= 12096x110 = 1330560'. 
_1330560'_ 



Horse power= 



33000' 



=40' 32. 



Qiut. ?. The area of the piston of a high-pressure en^ne 
is 264 sqnore inches, the length of stroke 5^ feet, the pressure 
of the steam in the cj'linder=72 Iba. the square inch, the 
number of strokes a ininute=36 ; reauired the useful loavl, 
the water evaporated each hour, and the useful horse power 
of the engine ? 

Let X be the naeful load, then 



»+ f+13+l = 



:721bi. 



nuDute, in cnbic feet 



7a!+«=392. 

«=49 lbs. 

The TOlome of steam discharged e 

26* X 5-5 ^ gg_3g3 ^1 
144 
The culnc feet of steam discharged u 
=363 X 60=21780. 

From the table it will be found that one cubic foot of 
■water yields 39*3 cubic feet of steam at 72 lbs. pressure. 
ConseqaQatly, the cubic feet of water evaporated each hour 



The osefal horse power of the engine 
,204 X 49 X 5 5 x 36_„ 
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It has been fonnd by experiment, that whatever may be 
the pressure at which steam is formed, the quantity of fuel 
necessary to evaporate a given volume of water is nearly 
the same. Hence it follows, that it is most advantageoas to 
employ steam of a high pressure. 

Ques. 8. Required the duty of the engine, that is, the 
units of work clevcloped by a bushel of coal each hour ; in 
the last example, allowing a bushel of coals 94 lbs. to evapo- 
rate 11"5 cubic feet of water? 
The useful work an hour 
=264x49 x5ix36x 60=153679680; 

work of 55 cubic feet of water. Therefore the work 



of a bushel of 



)als, c 



11'5 cubic feet of water, 
115 . 
56 



=32133024, 



=153679680 X 

the duty of the engine. 



Queg. 9. A train of 200 tons moves along at a uniform 
speed of 30 miles an hour upon a level r^l, the resistance 
of friction upon the rail is 5^ lbs. a ton, the resistance of 
the atmosphere 33 lbs. upon the whole train when the speed 
is 10 miles an hour, the diameter of the driving-wheel 7 
feet, the area of the piston 120 square inches, the length 
of the Btroke=i feet, and in addition to the resistauces of 
friction, the resistance due to the blast pipe is 1| lbs. on the 
S(]uare inch of the piston, when the speed of the train is 10 
miles an hour. Eequired the pressure of the steam, the 
evaporation of the bodcr, and the number of busheb of coal 
necessary for a journey of 500 miles, supposing that 1 
bushel, or 94 lbs., will evaporate 11^ cubic feet of water? 

When the diameter of a circle=7 feet, the circum- 
ference=22 feet nearly, which is the space passed over in 
one revolution of tlie driving-wheel. 

Total rosistance to the motion of the carnages 
=:aOOx 5-5+ r^V X 33=1397 lbs. 
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The work in one reTolution 

= 1397x22=30734. 

On the sapposition that 22 is the circumference tchen 7 = the 
iliameter. 

Work of 1 lb. pressTire o 



e rerolation 

=ixiaox 



a one sqnftre inch of the p 



X 4=720, 



for the engine has two cylinderB, and e&ch piston makes two 
Btrokes while the driving-wheel turns once round. 

Consequently, the effective pressure on one square inch of the 

=30734^42-68 lbs. 
720 

It has been found by experiment, that the resistance of 
WHie blast pipe increases with the speed of the engine, 
'. Resifitance due to the bla&t pipe 
3 30 
= 1 jx-=5ilbs. 

Hence the total preesure of the steam on the piston 
=42G8+-i?^-|-l+15-|-5i=70-28lb3. 

The nomber of revolntions of the driving wheel a mJnnte 
30x5280 ,„. 



therefore, the two pistons will make 120x4=460 strokes k 
The cubic feet of steam dischar^d » mintite will be 



120 3 
"144'* 2' 



480= GOO. 



From the table it will be found that a cubic foot of 
water produces 405 cubic feet of steam of 70'28 lbs. 
pressure. (See p. 63.) 

The smnber of cubic feet of water eraporsted a minute 



405' 
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As one bushel of coal evaporetes 11-5 cubic feet of water, tbe 
number of bushels of coal a minute 



"405x11-5' 

A journey of 500 miles is performed in 16J hours, or in 
1000 minutes, at the rate of 30 miles an hour. 

Therefore the number of bnshela of coal for 1000 minutes 

_600xlQOQ 



"405 X 11-5 



= 128-8 bufihels. 



I 
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Qttet. 10. In a locomotive engine, the area of the piston 
is 90 inches, the length of the stroke 16 inches, the presanre 
of the steam 50 Iha., the efifective evaporation of the boiler 
•7 cubic feet a minute, the diameter of the driving-wheel 
5 feet; what is the speed of the train an hourT 

At 50 lbs. pressure, 1 foot of water forms 554 cubic feet 
of steam. 

Tbe volume of steam generated a minute 

=554 X -7=387-8. 

Cubic feet discharged in one Tevolntioa of the driving-nheel 

_4x90xl6_,, 

Therefore tbe number of revolutions of the driving-wheel a 
fflinnto 

The space moved over by tbe carriage a minute in feet 
=5x31416x1165. 
Consequently, the miles moved over an hour 
5x31416xll6-3 



5280 



-=20-75955. 



Ques. 11. The area of the piston of a locomotive engine 
=80 square inches, the length of the 8troke=15 inches, the 

pressure of the st«am 48 lbs. the square inch, and the dia- 

' — '-'" of tlie drivin"-wheel 5 feet ; required the effective 

'ion of the ooiler, so that th« train vnay have a 

^^^^5(? miles an hour ; the eSecUve Wtws y^-wct o1 




the en^De and the weight of the train are also required, 
t&king the resistances to the motion of the piston as in 
— --n9* 



Nomber of reroIalioiiB of the wheel a minute 
30x52fiO 



~60x5x3-1416~"'°' 
Nomber of strokes of both pistons a minato 




The efiectire work a minnte will be 

=23 4 X 80 X i X 672=1572480', 

Hence, the effective horae power 
_1B72480'_ 
~- 33000" 
Now the effective work has t« snpport a speed of J 
miles an hour, 2640 fcot a minute, opposed by the r 
sistancea of friction and the atmosphere. 

Work doe to the resistance of the atmosphere a minute 



=47' 65. 



=(!§)' 



33 X 2640=784080'. 



=42-6 tons. 



Tharefore the work due to friction t, mioiite 

=1672480'-784080'=788400'. 

Work of friction a minute when tlio train weighs x tons 
= 7x3313 x; 
7 88400' 
■ """7x2640" 

Cubic feet of steam discharged each stroke 
80x1-25 . 
~ 144 ' 
the cabic feet discharged in a minute 

80x1-25x672 





From the table it will be found, that a cubic foot of 
water yields 573 cubic feet of ateam ; therefore, the number 
of cubic feet of water evaporated a minute 

80x1-25x672 „, .. , ^ 
—=■81 cubio feet. 

Quea. 12. A raikoad train of 60 tons ascends an in- 
clihe that haa a rise of J in 100 ; required the maaimnm 
speed an hour, 40 being the effective horse power of the 
en^ne, friction 8 lbs. a ton ? 

Let X = the speed of the train in feet an hour. 
100 
the rise of the rail in a; feet. 

Work due to gravity in an hoar, 
60x2240x3^ „ 

^ 400 "^*" '■ 

Woit of friction,- 60x8 xa;=480 x; 

But the work due to gravity each hour, added to the work due to 

friction each hour, must be equal to the work done by the engine 



in the SI 



816 z=40x 33000 
79200000 



816 



60=79200000. 

97059 ft.= 18-4 miles. 



If the engine in the last example move this train, what 
must be the effective evaporation of the boiler, and the 
duty of the engine 1 

Speed a minute,=!I^^=1617-6 feet. 
^ ' GO 

Number of atrokes of the pistons a minnt«, 
1617-6 



31416 



(4=413; 



The effective work of the engine a minute, 
=33000 x40= 1320000' 
Suppoaey^the pounds effective pressure on each square 
inch 01 the piston, then the work of y lbs. effective pressure 
« miniite 



PRACTICAL BECaANICS. 

9x80x^x412=1320000'. 



X 1320000=36631579, 



=32+^x 32+15-1-1 +:!^ x 1-75 = 55-7 Ibe. 

One cnbio foot of water in tLe form of steam, at 557 lbs. 
jiresEiire, ia 504 cubic feet. Number of cubic feet discharged 
■ • nunnte, in the form of steam, 

.•. Number of cubic feet of water evaporated s minute 

-—-57 
-604 - ^'■ 

Now this water perfonns 1320000'> 

,-, 11-5 cubic feet of water, or 94 Iba. of coal, 

_115 

-•87 

the daty of the engine. 

Under the authority of an act of the American Congress, 
approved September 11th, 1841, an extensive series of ex- 
perimentB was conducted by Professor Johnson upon the 
evaporative power of several kinds of coal. The number 
of samples tried was 41, including 9 anthracite from 
PennBylvania ; 6 foreign bituminous coals, namely : 1 from 
Sydney, Nova Scotia ; 2 of Picton coal ; 1 Scotch ; 1 of 
Newcastle ; 1 of Liverpool. From 1 to 6 trials were made 
on each sample; the average quantity used per trial being 
978 lbs. The experiments occupied 144 days, dm-ing each 
of which continuous observations were made during 12 to 14 
hours. The coals were burnt under a steam boOer with 
apparatus for complete regulation, the supply of water and 
coals being determined both by weight and measure. The 
standard adopted to measure the heating power of each 
kind of coal was the weight of water which a given weight 
of each evaporated from the temperature 212° Falir. The 
following Table c^ves the results of the comparisoDS of six 
qualities, in each of which, that coal which ranks the 
highest is stated as 1000, and the others in decimal ijart& 
of the integer. 
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PBACTICAl MECHANICS. 1 

■ CKITS OP WOKK DEVELOPED BT OONDEtJSmG STEAM. 

ExPEBiHENTS show that when water is raised to the 
temperature of ilGS" Fahr., or i'S" above the boiling 
point, the volume is increased 1573 times, and the pressure 
will be 16 lbs. on the stjuare inch. Suppose steam of this 
temperature to enter the lower part of the cylinder A 0, 
Fig. 33, the piston C will rise, as 14-7 ibs, may be taken as 
the mean pressure of the atmosphere. Then let the steam 
be condensed by cold water; a vacuum will be formed, 
and the piston pressed down by the whole weight of the 
atmosphere on each square inch of the piston, if the 
vacuum be complete ; but it has been found that a perfect 
vacuum cannot be formed in this way, as water gives off 
vapour at all temperatures. If the temperature of the 
vapour in condenser be 103° Fahr., the pressure will b» 
1 lb. to the square inch : 

^Fo^ 130" pressure 2-129 lbs. 
„ 145° „ 3-10 „ 
„ 150" „ 3-64 „ 
^ „ 165" „ 5'23 „ 

^m „ 170° 5-<J4 „ 

^H &c. <&c 

EXAMPLES. 
Quea. 13. Required the work developed by expanding 
and condensing a cubic foot of water, supposing 4 Ibs. to 
be the pressure of the vapour after condensation, and 
15 lbs. on the square inch to be the pressure of the steam ; 
find, also, the duty of the atmospheric engine using the 

■ steam in this manner. 
Cubic feet of vacunm formed b; condensation 
=1710=1711-1. 
Pressure on one square inch of the piston 
= 14-7— 1=10-7 Ibs. 
Stippose the area of the piston to be one square foot, the 
lengtn of the stroke will be 1710 feet. 

■ Conseqaeutlf, the work of one cubic foot of water 

=144x10 7xl710=a63M«a- 
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PRACTICAL MECHANICS. 

And the duty or work of 941bB. of coaI=l bnshel, =daty of 
Hi cubic feet of water 

= 3634768x115=30299832. 

Qwa. 14. Wliat must be the effective evaporation of the 
boUer of an atmoepheric engiue, so that the horse power 
may be 30, allowing 3 lbs. for the elasticity of the vapour 
in the condenser; the volume of steam being 1700 times 
the volume of the water from which it is produced t 
Work of the engine a minute 

30 X 33000 =990000'. 
Work of one cubic foot of wat^r 
=(15-3) X 144 X 1700=2937600. 
llierefore, the number of cubic feet of wat«r evaporated a 
nuDote 

_ 090000' ^ 3 . 
3937600 

It has been found by experiment that 1 lb. of good New- 
castle coal will evaporate 8^ lbs, of water in an hour, 
therefore, a bushel of this coal will evaporate 814| Iba. of 
water. Then, if a cubic foot of waters G2^ lbs,, a bushel 
of coal will evaporate 13 cubic feet of water an hour. 
Hence the duty of an engine varies with the nature of the 
water and coal ■ ' ' 



I 



OF THE DSB OF STEAM EMPLOYED EXPAN8IVELT. 

If steam enter the cylinder for only a part of the stmke, 
and then, for the remaining portion, the piston is moved by 
allowing the steam to expand, it is said to be used eicpan- 
Bively. This is the most economical way of employing 
steam ; for all the available work may be taken out of the 
elastic vapour before it is condensed. 

When the volume of steam is increased, its elasticity or 
pressure is decreased in the same ratio; that is, if its 
volume is increased three times, its pressure will be one- 
third of what it was at first, and so on. This is Boyle's 
law : but M. Regnault has shovra that it will not hold in 



PRACTICAL MECHANICS. 




When the student does not understand the simple proceaa 
of calculating dual logarithms, Thomas Simpson's nue maj 
be applied to obtain approxinutte results. 



Divide that part of the stroke through which the expan- 
aion takes place into any even number of equal parts, and 
calculate the pressure on the sqnare inch upon the piston at 
eacn division of the stroke ; take the sum of the extreme pres- 
sure in pounds on the square inch, four times the sum of the 
even pressures, and twice the sum of the odd pressures ; mul- 
tiply the sum of all these by one-third of the common dis- 
tance between the positions of the piston, and the result will 
be the work done upon each stiuare indtt oi X\ve YaSwa^Xwi 



78 PRACTICAL MECHANICa. 

expansion be^ns. The work done before expansion beguiB is 
evidently equal to the pressure on the square inch, multiplied 
by the number of feet described before e^ansion. The 
whole work done during the stroke is equal to the sum of 
the works done before and after expansion. 



f 
I 



Qaes, 15. The pressure of steam upon the piston, Fig. 33, 
is 21 lbs. on the square inch ; the length of the stroke, 12 
feet ; the steam cut off at 4 feet : find the number of units 
of work done upon each square inch of the piston ; sup- 
posing the resistance arising from imperfect condensation 
2^ lbs, on the square inch. 

BT BOTLK'b law. 

Pressure on thepiston from A to B, or for 4 feet of the 

stroke=21 lbs. The steam being cut off at 4 feet, divide 

the remaning part of the stroke, namely, 8 feet, into 8 

equal parts. To find the pressure at the end of 5 feet, 

3: 4: : 21: 16-8 lbs. 

To find the pressure at the end of 6 feet, 

6: 4: :21 : U lbs. 
To find the pressure at the end of 7 feet, 
7 : 4 : : 21 : 12 lbs. 

The remiuning pressures are found in the same n 
mnd are marked on the diagram (see Fig. 33). 
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Fonr times the even ordinatea 
Twice the odd oriinatca 
Bom of extreme ordinateB 


_ 


182-8 

65 '8 
280 








3) 276 6 


A.na,(,tabcd 


- 




922 


Areft of a efb 


= 21x4 


= 


840 


Axttot/tad 




= 


1762 



BeBistance of nncondensed Taponr 

=2ix 12=30. 
176-2— 30=146'2 units of work done o 
kinch of the pistoD in one stroke. 

Fig. 84. 



each iqaara 






A B represents a steam cylinder, the steam cut off at 
PC D; a X y d bis a plane iigure, a c=2 ; a o=2| ; a n= 
[8 ; a 9=3i ; &c., taken from any scale of cquid parts. 
\ e d=48 ; o e=38-4 ; n »-=32 &c., taken from any other 

ale of equal parts. 



Quee. 16. In a condensing engine the length of the stroke 
B 5 feet, the steam is cut off at 2 feet of the stroke, the 
pressure of the steam in the cylinder 48 lbs., and the elas- 
ticity oi the vapour ill the condenser is 4 Wja. ■jTCt^useSL'CoB 
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work performed upon one square inch of the piston in one 

stroke I 

Let the apfkce throngli which the steam acts expansiTcl; be 
divided into six equal parts, then each interval will be J a foot; 
then by Bojle's law : 

cd=iS =i8- Iba. 

„ ._2 X 48_„„., 



i/= 



3i 
2 X 48 



ffft=- 



-=32- lbs. 
^=27-4 lbs. 
=24- lbs, 
nS IbB. 



Area ai c dy x, or work done expansively on 1 square inch 
■ of the piston in one stroke, according to Simpson's rule. 

=-|{48+ 19-2 + 4(38-4 + 37 4 + 21-3) + 2 

(32 + 24)] =87 9; 



48x2=96; 

I Work done Hgtunst the piston bj tlie vapour in the condeaser 
=4x5=20. 
Coi 
okc 



Consequently, the total work on one inch of the piston in one 
roke 

= 87 9 -^ 96-20=163 9. 




PRACTICAL MECHANICS. 

Que*. 17. The area of a piston of a condensing enpine 
13 1320 square inches, the length of the stroke, including 
clearance, = 7 feet ; the steam is cut off at 3 feet of cylinder, 
the clearance=^ feet, the pressure of the steam = 25'2 lbs., 
the elasticity of the vapour in the condens!er=3"51ba., the 
effective evaporation of the boiler -18 cubic feet ii minute, 
the resistances nre roughly approximated to as in former 
questions ; required the useful toad, and the useful horse 
power of the engine t 

By dividing tlie space through which the steam acts expan- 
nvely into fonr eqnal parte, and calcalating the pressnre by 
Boyle's laws : first=25-2, second=18-9, third=15-12, f'>nrth= 
12'6, fifth=10-8. Then the unite of work done expansively on 
one Bqnare inch, according to Thomas Simpson's approsimate 
rule, will be 

=i{25-a+10-8+(18-9+12-6)x4+15-12x2} 

=6408. 

^e space throagh which the piston moves before the st^am is 

cut off=3 —■J=2| feet. .-. the work done before the steam is 

est off 

=252x21=714. 

Total work of steam on 1 square ineh in one stroke 
= 6408+ 7 1 4= 135-48. 

Mean pressure of the steam= ^ — =19-82 lbs. 

I Since the resistances ^ the mean pressure of the steam, 

,. 8^+l+3i= 19.82, ~ 

.-. load= 13-4 lbs. 
tbic foot of water generates 1037 cubic feet of steam a 
k pressnre. 

lume of steam discharged a minute 
=■18x1037=186-66 cubic feet. 

i Volume dischai^ed each fltroke= jjt-x3=27'5 cubic feet. 
The number of strokes a minuto= -^= ,- =6-8. 
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The naeful work & minnte will be the continued product of the 
load, the area of the piaton, the length of the stroke, and the 
number of strokes a minute. 

the effective horse power 
_ 19 Sa X 1320 X 6i X 6 8 
33000' 



=24' -9 



Qius. IS. The area of a piston of a condensing-engine 
18 4800 square inches ; length of stroke, including clear- 
ance, 8 feet; the steam cut off at 4 feet ; the pressure of 
the steam 50'4 lbs. ; the elasticity of the vapour in the 
condenser =1'22 lbs. ; the cleanuice=i foot; the effective 
evaporation of the boiler 4'25 cubic feet a minute, and the 
friction of the unloaded engine I'Ji lbs. to each square inch 
of piston ; required the useful load, and the useful horse 
power of the engine 1 

As in the last example, let the space through which the st«am 
acts expansively be divided into four equal parts ; first^50-4 lbs., 
aecond=40-32, third=33'6, fourth=28-8, fifth=25-2. 

TheD Simpson's approximate rule gives the units of work done 
expansively = 

i{50 4 + a5-a+(40-32 + 28-8) x 4+33-6 x 2} 
=13976. 

In this case the space through which the piston moves before 
tlie steam is cut off=4 — i=3J feet. Hence the units of work 
done before the steam is cut off 

= 504x3i=189. 

Total nnits of work of steam on one square inch in a single 
Btroke=328-76. 



7i 






+1-22+ 1-2 =42-42. 

,-. Loftd=351b8. 
Since a cubic foot of water (see Table) generates 550 oubio 
feet of steam at 50-4 lbs. pressure, the volume of steam dis- 
chaiged a rainnte=4-25 X 55l)=2337'5 cabic feet. 



Volame discharged each stroke= 



K 4=\aS\ tu'ow feet. 
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■ 133A ~ 

Conaeqaently, the effective horse power of tliis engine 
most be 

_ 35x4800 X 7 75 x 17B -qqq ~ hp 
33000' ^ 

Quet. 19. What must be the evaporation of the boiler of 
the enj^ne in the hiat example when the steam has a 
pressure of 28 lbs., so that the effective horse power may 
be 300? 



= 18 5x7 75x4800=688200. 

The effective units of work in a iniiiute= 

3300a X 300 =9900000'. 

o. I . 9900000 ,, , 

.-. Strokes a mu,ute=-ggg2QQ- = 14-4. 

Because 133^ cubic feet of steam is discharged in a stroke, the 
Tolniue of steam discharged a minate=133-J x 14'4=1920 cubic 
feet, Bud in tliis example a cubic foot of v>at«r forms 941 cubic 
feet of steam at 28 lbs. pressure ; therefore the cubic feet of 

water evaporated a minQte= jr—r =204. 

Ques, 20. What is the duty of the engine in the last ques- 
^m lion, supposing a pound of coal to evaporate 7 lbs. of water f 

^H 941h8., or 1 bushel, evaporates 658 lbs.= ^— r cubic feet of 
^B water. 

Usefal work a tmniite=690T^rx33000=32785000' 

but this work is done by evaporating 4-25 cubic feet of water. 

I,-, The work of-r-r-: cubic foct, or of one bushel of coul, 
will be 
Ot S6 millions suits of irork the dut; of the eQg\ue. 
I 
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The amount of work developed through the expansion 
of Bteam may be readily found, with mathematioAl accu- 
racy, by the following RcLE, since the dual logarithm of 
any given number can be calculated without the use of 
tables in a few minutes. The art and science of dual 
arithmetic were invented br Oliver Byrne, the author of 
the present work ; ujmn this art and science O. B. has 
written and published 6ve volumes. 
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Multiply the pressure at which the steam Is admitted by 
the distance travelled by the piston before the steam is cut 
off, which product call (A). 

Divide the whole length of the stroke by the above-men- 
tioned distance, and add lOOOOOOlK) to the dual logarithm 
of the quotient ; call the sum (B), 

Then A multiplied by B gives the whole units of 
work when eight decimal places are cast off for the dual 
logarithm. 

In question 15, the pressure of the st«am=21 lbs., tbe length 
of stroke Vi feet, and the steam cut off at 4 feet. 
4x21=84. CaU{A). 

— =3. Duallogarithmof 3'=1098S1229, 
* 100000000, 

209861229, (B). 
Ax 6=209861229 X84=17628343236, the exact area of 
the figure /eadc, Fig. 33. The npprosimate rule gave 176"8 
the work done on each gqnare inch of pisloii in a stroke. 

In practice the Indicator gives a verj- different figure, 
something like the dotted line mp qrn, fig, 33. The nearer 
the Indicator diagram approaches the true or mathematical 
diagram, the more perfect is the working of the engine. 
In another part of this work will be founa a description of 
the Indicator. 
Li tbe 17lb qaestion, the pressure of steam was token a( 




lOOQOOOOO, 
1916-29073, (B). 
A X B=191630073 x 96=183 96391008, 

[ whicL 13 nintbematically correct. SimpBon's approximate rule 
I ga^e 183'9 on o eqnarc inch in a single stroke. 

Qm3. 21. Steam of 42'35 lbs. pressure is admitted to 
the cylinder for 2*36 feet of a stroke of 10-45 feet, then 
being cat off acts e.xpansively ; how many units of work is 
done on one square inch of piston in a single stroke 1 
42-35 X 2-36=99-946 (A). 
^ 4'428. Dual logarithm of nhich may be calculated in 
a fev minutes. 

Dnal log. of 4'428=148794803, 

^ 200000000, 

245794803, (B). 
Ax B=99 046 x 248794803= 
248 66045380638. 
ht dedmds being allowed for the dual logarithm 248794803, 
99-946x2'4879=2488-6G, 
inc units of work done on a square inch of piBton in a stroke. 

To find the proportions in which surcharged and satu- 
rated steam combine. 

Let a be the weight of the steam used each stroke; 
temperature, t, ; W, the weight of the surcharged steam- 
temperature, T; 10, the weight of the saturated steaui, 
■temperature, t. 
.-. W-fi<!=a ; w=a-ir, 
ind bj a Trail known property 
I 'i (W-\-w)=WT+v)t. 

\ ■■■ '-=^" 



i 
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Again take the equations 

W+w=a J W=a-w, and 

:. t, a=(a-w) T+« t 



T-t 



T-U 



A cylinder is half filled with a mixture of saturated and 
surcharged steam whose temperature on entering =350" 
Fahr. The cylinder is 9(5 inches diameter and 10 feet 
stroke. The temperature of the surcharged steam=580°, 
and of the saturated 260°; IF" and w are required ? 

Area of a circle 96 inches diameter=7238'25 
7238-25 X 



<U4 



-=251-33 cubic feet of 



steam in the cylinder half full; 62-5 lba.=one cubic foot of water. 
The Tolume of steam at 350° is 233 times the yolume of the 
water that has produced it; 

251'33 X 62-5 

=67'41 lbs. weight of half the cylinder full 



233 



of steam. 



— =18'95 lbs. of surcharged etcam, and 
=48-45 lbs. of saturated steam. 



PROOF. 
48-45+l8-95=67-41 lbs. 
18-95 : 48-45 ; : 90 : 
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PEACTICAL MECHANICS. 

To find the number of units of heat in steam of any 
temperature. 

Let H be the required units, then, Bccording to Regnaull, 

when tie degrees Cent, are reduced to degrees Fahr., 

H=1091'7+-305 ((°-32=) 
fi being the given temperature. 

EXAMPLEB. 

Quet. 22. How many units of heat are contained in 
■team of 432° Fahr. 1 



1091-7+4OOx-305=12137 units. 
To find the sensible heat of eteam when it ia equal to the 
latent heat. 

1091-7+-305 ((°-32°) = 2(° 
-305 (-32 X -306=2 (-1091-7 
.-. (=6S8°'313 

To find the ratio of the weight of injection water at 
60°=(,, compared with that of a given weight of steam at 
temperature 300°=(; so that tiie temperature of the 
mixture may be=100°=7". 

Let w)=a given weight of steam; (its temperature; 
Wi the weight of water to be mixed with it; d its tem- 
perature; 7==the temperature of the mixture. 

» [1091-7+-303 ((-32) ]+w, (, =w T+w, T 
• fi — lMJ'^-^+'SOo ((-32) 

In the example above given, 

«',_1091-7-100+'3W + -305 (300-32) 



Qae». 23. If steam of 258° temperature be mixed with 
steam of 578°'3; the temperature of the mixture to he 
a34°-4, and ihe temperature at the exWvKt \^^° -, '^■cA ■(:&<& 
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units of heat utilised in the passage of the steam from the 
boiler to the exhaust both when the steam is mixed and 
when employed in the ordinary wayT 

r-( =578-3-258 =3203 

r— r, =5783-3344=244-9 

(,-I=333'4-258- = 75'4 

W : w :: 75-4 : 



75-4 

320-3 lbs. 

In every 320-3 lbs. of tiiis mixture at 333°-4 Falir. 
75"4 Iba, is Hurcharged with heal at a temperature of 
578°'3, and 244*9 lbs. of steam saturated with water ; the 
saturated steam at tlie temperature of 258°. 
From the Problem, pag-e 85. 
Zr=1091-7+-305 ((°-82)=1183-G27 units of heat when 
l=S33°-4. 

jy= 1091-7 +-305 (t°-32> =1123115 units of heat when 
(=135° 



11) 



;-627 



from 333''-4 to 135°. 



112 3115 

0-512 units of heat utilised in passing 



When the same work was done by steam used in the 
ordinary way, steam of 22'55 lbs. pressure above tlie atmo- 
sphere, or had a pressure=22*55+14*7=37'25, which 
agrees with the temperature 265° nearly ; the exhaust 
steam had a temperature of 133°"6. In steam of tempe- 
rature 265° there are 1162'765 units of heat, and in stoam 
of temperature 133°-6 there are 1122*688 units of heat. 

U62-7C5 

1122-fi88 
40077 Doits of heat utalised in passing 
from 2G5° to I33°-6. Consequently, tliere is an economy of 50 
per cent, in favour of the mixtare. 

Quea. 24. Suppose steam, saturated withwater,of 33'2Ibs. 
pressure, which answers to 257°'7 temperature, be mixed 



I 
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with steam surcharged with heat, temperature 577°-l ; the 
temperature of the mixture =350°'7, and the temperature 
of the exhaust =147°*6. In doing the same work, in the 
same time, with eteam in the ordinary way, steam of 
34'2 lbs, pressure, or 259°'5 temperature were employed, 
the temperature of the exliaust beins 125"; required the 
economical advantage in using the mixture f 

(,-(=3507-257-7=93- 
T~^l =:577-l— 257-7=319-4 
r-/,=577-l-350-7 = 226--i 
.-. W : to : : 93 : 226-4 

It will be found that 61'9455 units of heat are utilised 
in passing from 350°-7 to 147°'fi. Ordinary steam, in doing 
the same work in the same time, passes from 259°'S to 
125°, and hence only 41'0225 units of heat are utilised, 
giring a gain of 40 imita in favour of the mixture. 

As dual logarithms are readily calculated without the 
use of tables, the succeeding rules will be found useful 
when experimental tables are not at hand. 

To find the volume of steam of a given pressure that 
may be produced from a cubic foot of water. 



From 97409685C, the dual logarithm of 17000, take 
J§ of the dual logarithm of the pressiu^ in lbs, ; the cor- 
responding natural number increased by 10, and then 
added twice to itself consecutively, passing a single figure 
each time to the right, give the volume of steam. 

Qiua. 25. How many cubic feet of steam of 55 lbs. 
pressure on the square inch will a cubic foot of water 
produce ! 

Dual logarithm of 55- =4007333 19, 
400733319 X 



43 



=372775181, 




to which add 10. 



Volome of steam = 506-74338 
;. A ctibic foot of water will make 507 cubic feet of eteam 
of 55 lbs. pressnre on the square inch. 

Given the temperature of steam to find the correapond- 
ing pressure in pounds by dual logarithms. 



To -00478822 add 1-8 divided by the temperature plus 4- ; 
call the stun (A). 

From the quotient of 8827643, divided bjf (A), take the 
whole number 403938299, the remainder is the dual loga- 
rithm of the pressure in pounds on the square inch. 

Ques. 2(>. When steam has a temperature of 400° Fahr, 
I what is the corrc»;ponding pressure in pounds on the square 
I inch ? 

■i|.= ■00445544 

-00478822 constant 



=S54994342, a whole number 

From 954994342, 

Take 4039S8299, constant 

551 056043, =the dnal logarithm of 247-289668 
247-3 lbs. corresponds to the temperature of 400° Fahr. 
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AcCDMLt-ATED WoRK. 

If a body moves uniformly, the space described is eqoal 
to the product of the time by the velocity. 

A body moving 3 ft. a second will pass over 15 ft. in 



Therefore, if a rectangle like AB C D 
be constructed, CD=3 the units in the 
velocity, the perpendicular B D = 5 the 
units of time ; then the small squares in 
the rectangle A D answer as counters to 
designate 15 feet in length. 




In a similar way, the space described by a body whose 
motion is uniformly accelerated may be told by tne area 
of a trapezoid, whose parallel sides contain respectively the 
units 01 velocity at the commencement ana end of the 
motion, the perpendicular between those sides being the 
units in the intervening time. This last proiiosition will be 
easily understood, since the mean breadth of the trapezoid 
contains the same number of units as the velocity which 
the body has at the middle of the time. This method of 
making the area of figure represent a distance is useful, 
and should bo carefully examined by a young student. 
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Let E F = velocity of 2 feet a 
second, then suppose the body uni- 
formly accelerated for 5 seconds ; 
at the end suppose its velocity to 
be 4 feet a sucond. If L Q = 4 
feet, F Q = 5 units from the same 
or any other scale of equal parts, 
I -The area of E F (i L in small 
t squares or parallelograms may be 
Lnsed as counters to designate the 
e passed over 
2+4 



=15 ft. space passed over. 

In this way the length of a straight line is represented 

" by a plane area. The best illustration of accelerated 

motion is afforded in the case of falling bodies near the 

surface of the earth. (See the article on Gunnebt in 

. Spona' Dictionary of Em/inetring.) 




TOECE OF ORA\^TY NEAR TFIE SUBFACB OF THE EAETH. 

Bodies being allowed to fall freely near the surface of 
the earth, the force of the attraction being constant, will 
communicate to them equal additions of velocity in equal 
intervals of time. Thus, at the end of one second, the 
Telocity of the body is 32-155feet; at the end of two 
second^, 2 times 32*155 feet; at the end of 3 seconds, 
3 times 32'155 feet; at the end of 4 seconds, 4 times 
3S'155 feet, and so on ; or generally, the velocity acquired 
by a falling body is equal to the product of the time of the 
' l/s fall in seconds by 32i foet, putting 32^ for 32-155. 
This is expressed by the equation, 

The space described by a body in one second will be 
half of 32^ feet = 1 6^ feet ; because ikia veVic*,-^ <iV '^ 
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body in the middle of the time will be the mean Tdocity 
with which it moves during tliat time. In like manner, 
the space described by the body in 4 seconds, will be 4 
times 2 x 32 J feet ; because, 4 x 32J feet ia the velocity at 
the end of the time, and, therefore, 2 x 32^ will be the 
mean velocity, or the velocity in the middle of the time. 
But 4 times 2 x 32J = 16 x 16A = 4^ x 16A, that is, the 
space described by a falling boay in 4 seconds is equal to 
the square of the time, multiphea by the space descrioed in 
one second. In the same manner, any other case may be 
established. In general, the relation of the space S in 
feet, and the time t in seconds, ia expressed by the equa- 
tion 

S=(«x]6tV- 

QuM. 1. What velocity will a falling body have at the 
end of 5 seconds f 



Qti£s. 2. In what time will a body acquire a velocity of 
L93 feet a second T 



Qwa, 3. Through what space will a body fall in 4^ 
seconds? 

(4J) • X 16TV=325|ifeet. 

Qtieii. 4. A body is thrown downward with a velocity of 
10 feet per second, how far will it descend in 6 seconds i 

It is evident that the body will retain its motion of projection, 
although acted upon by gravity. Now the space due to the pro- 
jection ^6 X 10 ^ 60 feet, and this added to the space due to 
gntvitf will give 

GO+G«xl6iV=639feet. 

Ques. 5. In what time will a body fall 193 feet t 




.-. (=y''l2=3'464 Hpconda. 

QiKs. 6. From what height must a body fall to acquire 

a velocity of 96^ feetl 

ii^rst it is necessary to find the time irhioli the body will have 
to fall, to aaiuire a velocity of DG-J- feet. 
I _ 96i 



32i 



= 3 Becondfl- 



Height=3" x 16^=144^ feet. 

Qm3. 7. The velocity of a body is 84 feet. From what 
"ejght would it have to fall, in ORler to attain this motion 1 



Tmie = 



84 , 



distance or space 



Pot g=92i and a=84, then 



fe^he space fallen thniugh to acqnire the velocity a is eqaal 
iquare of (a,) divided by (,2g). In most modem norks, g 
is put for the number 32^, and n- is put for the circumference of 
a drde when the diontcter = 1, or ir ^ arc of a semicircle, 
ndin8 = 1. 
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OF THE WORK ACCUMULATED BOOT. 

When a body is in motion, it will continue in that state 
unless acted upon by some external force. But in order to 
,'pve this motion to the body, there must be work dona upon 
it A velocity of 32 J feet may be given to one pound, by 
rainng it IC-^ feet, and then allowing it to fall by the 
force of gravity. 



PHACTICAL MECHANICS. 

In this case, the units of work accumnlated in the body 
will be 

= «r 16tV- 

Aa another familiar example, take a fly-wheel in rapid 
motion ; a portion of the work of the engine must have 
gone to produce this motion, and before the engine can 
come to a state of rest, all the work accumulated in the fly, 
as well as in the other parts of the machine, must be de- 
atroyed. In this way a fly-wheel acts as a reservoir of 
work. 

Is ORDER TO ESTIMATE THE WORK IN A MOVING BODY, IT 
13 8IMPLT NECK88ARY TO CONs:DER THE HEIGHT FROM 
WHICH IT MUST FALL TO ACQUIRE THE GIVEN VELOCITT, 
AND THEN THE WORK WILL BE FOUND BY MULTIPLYING 
THAT HEIGHT IN FEET BY THE WEIGHT OP THE BODY 
IN pounds; BECAUSE THE WORK EXPENDED IN RAISING 
THE BODY TO THE NECESSARY HEIGHT TO COMMDNICATB 
THE GIVEN VELOCITY MUST BE THE SAME A9 THE WORK, 
WHICH GRAVITY WILL PERFORM UPON THE BODY IN ITS 
DESCEKT. 

QtKs. 8. The weiehtof a ram is 600 lbs., and at the end 
of the blow has a velocity of 32^ feet ; what work has been 
dune in raising it ! 

Tho ram must have fallen 16^ feet; the work done upon it 
therefore 

= 600x16tL=96B0. 

Qties. 9, How many units of work are accumulated in a 
body whose weight is 144 lbs., and velocity 200 feet? 

The height from which the bodj must fall, to acquire the 
given velocity, 

= ^^^3^, -=621'76feet 
Coiiseqnently, the work which must have been done upon the 
=621 76 X 144=89533 68. 
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Ques. 10. Required the work accumulated in a cannon- 
Ull whose weight is 32^ lbs., and velocity of 1500 feet t 

' The height from which the butl miiEt fall, to acquire a Tclocitv 
f 1500, 

1500' 



I The work accamnlated in the body 

= ^-^|^*=1125000. 

s example clearlj shone, that the work accumulated in a 
<ving hodi/ ig equal to Ike sqiiare of the velocity infett a second, 
' 'ilied bij the weight of the body in lbs., and divided by 

is verj important proposition is expressed by the equation 



rv- 



■VxW 

2s 



Ques. 11. A ball weighing 20 lbs. is projected with a 
velocity of 60 feet a second, on a bowling-green. What 
space will the ball move over before it comes to rest, allow- 
ing the friction to be -Pa the weight of the ball t 
IThe nnitfi of work, JJ, in the ball 



' 2x3ai 



i It is evident that the ball will not stop until all this work 
B destroyed — that is, imtil the work destroyed by friction 
s equal to the accumulated work. 

Let X be the number of feet over which the ball moves before 
it comes to a state of rest, then the work destroyed by friction iu 

Ioring the ball over x feet 
__20 



x.=111917; 



_llJ9_l^xl?=1007 S feet. 
20 



I 

I 



PRACTICAL MECHANICS. 

Ques. 12. A train weighs 193 tons, and has a velocity of 
30 miles an hour when the steam is turned off; how far 
will the train move upon a level rail, wliose friction is 5^ lbs. 
a toul 

30 miles an hour=44 feet a second, for 
30y5280_., 



193 toiiB=432320 lbs. 
Putting U for the units of work, 
. TT -44' X 432320 



. . „ _. — a—^ =13009920- 

2x32^ 

When the train stops, the work of friction will be equal 
to the work accumulated in the train, hence, if x be the 
number of feet the train will move after the steam is cut 
off, the work in moving the train over j; feet 
= 193x5ixx-Tr. 
193 X 6^ X x=13009920. 
13009920. 



193 x5i 



= 122o6 feet. 



Ques. 13. A train weighing 60 tons has a velocity of 40 
miles an hour when the steam b turned off, how far will 
it ascend an incline of 1 in 100, taking friction at 8 Iba. a 
on. 
40 miles an liour = 53J feet a second. 

60tons = I344001b8. 
Work in the train when the steam is cat o£F 
(58^)' X 134400 
2x32i ' 



=60x8x^=4 



tbo rise of the rail in x feet ; 
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The work due to gravity 



100 



480 X + 1344 ^ 



X 134400-^1344 ;r 



(58^)' X 134400 
= 2x32i ' 



(58f)-x 134400 
^ 1824 x64i ' 



39421 feet. 



»Ques. 14. Two balls, each weighing 64j^ lbs., are placed 
Rt the extremities of a horizontal ami, which gives motion 
to a screw driving a puncli, as in the common stamping 
machine. Tlie velocity given to the balla is 8 feet a 
second. What is the mean resistance opposed to the punch, 
when it is just driven through an iron plate g of an inch 
thick! 

If the area of the cross section of the punch=.p^ of a 
■qnare inch, the pressure on the sqnsre iiich=4096 lbs. 
The weight of the two ba!ls= 128} lbs. 
If the Telocity of the balls be 8 feet, jtist as the pnnch begins 



I 



to cot, then the units of w 



imulatcd 




- IT- ?l2il?5i- 1 aa 
-"- 2x32^ -"^' 

Now, if the thictiness of the plate be I foot, the imiform re- 
sistance would obviously be 128 lbs. ; but the thickness is -^ of 
afoot. 

.-. Mean resistance, i??=409G lbs. 

Quee, 15. A ball weighs 24 lbs., is fired from tlie mouth 
bi a cannon 12 feet long, with the velocity of 1000 feet n 
I second ; it is re(|uired to 6nd the mean pressure of the 
I elastic vapour upon the ball ? 



2x32i 

h2 



&?.^^^' 



bJ 
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Let jcbe the presBtire upon the bill dnriug the passage through 
tiie barrel, then 

iax«=3730B7. 

a:=31088l!)s. mean presBure. 
The area of a circular croEs section of a 24 lb. ca§t-iron round 
Bhot=24 square inches; 

the pressure on each square inch of cross section of bore. 

Que8, 16. A carriage of 1 ton moves on a level rail with 
the speed of 8 feet a second; through wliat space must 
the carriage move to have a velocity of 2 feet, supposing 
friction to be 6 lbs. a ton t 



64i 64^ 

But this work has been taken up by friction passing over b 
Bpace which pnt=* feet, then 

XX 6=2089; 

.-. j=348 feet. 

Ques. 17. If the carriage in the last example move over 
400 feet before it comes to a state of rest, what is the re- 
sistance of friction per ton ? 

Work accumulated in the carriage 

Work of friction = friction x 400 ; 

.'. Friction x 400=2228; 
Friction =5 '57 lbs. 

Qaea. 18. Two weights, W, w, weighing 7 and 4 lbs. re- 
spectively, are connected by a cord that goes over a fixed 
?ulley, as in Atwood's macnine ; through what space must 
V descend to acquire a velocity of 3 ft. a second? 
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As the velocity with which to ascends is the s 
which W descends, then 



lOl 
s that with 
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Total acciimnlst«d work=l-1658. 



Let jc be the space paseed over by each of the weights, then 
Work of grarity on W=7 >^ * 
Work of gravity on ic =4 x x 

3^x difference. 
As the work performed on w has been produced by the work 
of W ; .■. the work existing in the bodies must be equal, or 

3x*=11658. 

.*. x=*3886 feet=4|^ inches, nearly. 

Quel. 19. A weight of 6 lbs. acts upon a weight of 4 lbs. 
over a pulley ; in what time will it descend 115^ feet, and 
what will be the common velocity of the bodies at the end 
of that timet 

6-4=2 lbs. 

Units of work in both bodies=115ix2=a31S- 

ffelocit 
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< 10=231 ^ 



V=38j feet velocity at the end of 115i feet. 
Mean ¥elooity=19-j%. 
1155_ 



l9t^F" 



=6 seconda the time of descent. 
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Ques. 20. Two weights, W, w, Fig 37, of 
18 and 16 oiinces respectively, are suspended 
by a fine silk thread going over a cast-iron 
pulley, B ; how long will W be descending 
20 feet, and what velocity will it have ac- 
quired, allowing for the friction of the brass 
pin, P; the circumference of the hole, P=l 
inch, and of the pulley, B=l foot? 

When W has niored 20 feet, the surfaces 
of P have been in contact over a space of 
20 inches=lf feet. According to Morin, 
the co-efficient of friction upon brass axles, in 
cast-iron bearings, grease being continuously 
renewed='045 ; 

I8-I-16 ounces=24ibs. 

Units of work destroyed by the friction of the 

1} X 2i X 045=150376. 

18-16 ounces=^lb. 

^x30=2'5 developed. 

159375 due to friction. 
2 340625 

Let V be the required velocity, then 

V* 
64i' 

.-. T'=69'915. 

V=8-S6 feet velocity. 




rx2i=2 340625. 



20- 
418 



=4-78 seconds time occupied. 
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Ques. 21. Let A D= 
DC=20 inches, arms of 
a toggle joint ; P, a pres- 
sure of 200 Iba. applied 
at D in the direction of 
the perpendicular BD=1 
inch; when the two bars 
WD,DC, arebroughtinto 
astraight line, what weight, 
wWi may be moved, sup- 

nng the point, C, sta- 

maiy! 




v/2b'-l = ^3i»9=19-9749844=AB. 
.-. A C=2 A B=39-D499688. 
W will be raised the difference between A D+D C, i 
•0500312 inches, or 



■0500312 
12 



feet, while P mo 



QB=1 inch=^feet 

Units of work done by P=^ x 200- 
Units of work done in raising W= 
■0500313 




12 



xW=T^x300. 



■W' = 3997'5Ibs. 
The friction of the joints are not taken into account. 



I 



I 
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To take a simple 
case, let two balls, O 
iiiid D, be connected 
by a rod, A D, and 
made to revolve round 
the centre, A J suppose 
C to weigh 50 lbs. and 
D 20 lbs.; the dis- 
tance of C from A= 
12 feet, and that of 
D= 27 feet. It ia re- 
quired to find the units 
of work in these balls 
when the point B, 1 
font from the centre of motion Aj moves at the rate of 
19-3 feet a second. 

The centre of gyration is also required — that is a point, 
■ G, in tlie rod whore we may suppose the weight of the two 
' balls collected — so that the amount of work may remain the 
, same as when the bodies were apart. 

Velocity of C=(19-3x 12) feet a second. 

Velocity of D=(19-3 x 27) feet a second. 

_ (193xl3)-x 50_ 




Units of work in C= 



Units of work in D: 
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(19'3xfl7)M 



ao 



=41688. 



844182- 



Total units of work=126106'2. 

Let X be the distance, A G, then the vrork in the two balls 
\ collected at G= 

(19ar)'x70 



64; 

^'=3114., and 



1261062. 

a;=17'639feet. 




I 



Now, if the two weights 20+50=70 lbs. be placed on 
thp rod at the enttre u/ gyration, G, and move with a uni- 
form velocit\' of (17'ti39 x 19-3) feet a second, the amount 
of work in the bodies thus combined is the same as when 
posited at G and D. 

From this simple r.ase it is evident that when the cevtre of 
Qi/ration of a rotating body is known, the accumtdated work 
in that body is readily found. To 6nd the centre ofgyra- 
lioH in differently formed bodies requires the aid of a higher 
calculus, the introduction of which would be out of place 
in the present work. However, it is necessary to observe 
that the distance of this centre from the axis of rotation in 
a circular wheel of uniform thickness is equal to the radius 
of the wheel x i\/\ ; in a rod revolving about its extre- 
mity it is equal to the length of the rod x y/^, and when 
the rod revolves about its centre it is equal to the length 
X \/tV » *"*' '" "^ plane rim, like the rim of a fly-wheel, 
it is equal lo the square root of one-half the sum of the 
squares of tlie radii forming the ring. 

Qw#g. 22. The weight of a fly-wheel =8000 lbs., suppose 
the centre of gyration to be 10 ft. from the axis, the 
diameter of which =14inchcs; the wheel makes 27 revo- 
lations a minute, how many revolutions will it make before 
it stops, the friction of the axis being ^ of the whole weight T 
Velocity of centre of gyration a seconds 

20ii31^1l£27=28.2744ft. 

(28 2744)^x8000 

Work in Uiewhee!=^ g^r = 9941177- 

Circumference of the sxia in feet = 

'ix 31416=3-6652. 
12 
Work destroyed in x revolation8= 

366B2xxx?°?P=586432 x. 
o 
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_9941177_^e.952 rcYolutione. 
68G4-32 



I 
i 

I 



Qttet. 23, The weifjlit of a fly-wheel is IJ tons, the dis- 
tance of the centre of gyraiion from the axis = 8 feet, and 
the number of revolutions a rainute=24; what number of 
strokes will this wheel give 2 forge hammers each weighing 
250 Iba., each hammer having a lift of 3 ft,, friction teing 
neglected ? 

Velocity of the centre of gyration=20'l ft. a second. Work 
I ia the wheel = 

(20 IV X 3360 

i ^^j = 2 3984 6. 

Work of X lifts of the liammers= 

250x2x3x;r=1500« 
.-. 1500^ = 329846 

.-. j=15'3 lifta 
to each hammer. 

Queg. 24. The diameter of a grindstone is 5'6 ft,, and its 
we^ht=386 lbs., the circumference is made to revolve 
with a velocity of 6 ft. a second; the circumference of the 
iiiu8=8 inches, the friction of it=| of the weight; find the 
nmnber of revolutions made by the stone when left to 
itself f 

The centre of gyration from (he axis of the grindstone 
=2-8^/i. 
To find the velocity of the centre of gyratJon, 

The square of 6^/4=18. 

Work in the stonc=lJ^^?P=108- 

64i 
Let X be the number of revolutions, 

then i-^ X ^ X I = the work destroyed in x revolutions. 
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;. 8x3f?xr=108. 
12 7 

revolution a, nearly. 



Qiies. 25. How many unita of work are developed by 
t!ie sledge-hammer referred to in question 28, page 50 1 



Units of work in o: 
(38 6)' X 30 



o b]ow = 

694-8. hence 20 blows vfill Aev 



64: 
13896 units of work. 

Que». 26. Supposing the earth to be a perfect spliere 
four times the weight of tlie size of itself of water, radius 
=20900000 feet=r; how many steam engines of 1000" 
each, applied in the direction of the centre of gjrati 
would be required to slop the earth revolving on its axii 
an hour and forty minutes. 

1600' =52800000'. 

Uuite of n-ork in 100 minutes =5280000000- 

1000 



1.(2 .,.xe 

n lbs. This weight divided by 2g=6i^ gives 
^=3-1459265 



igbt of tho earth 

1 OOP IT)-' 

193 ■ 



The distance of tbe centre of gyration from the centre of the 
Bphere=r \/X; F'ig- 43- 2 r \/\ x 5r=tbe circumference of die 
circle descnbed by the centre of gyration 



24x60 
in feet a second. Velocity squared^, 
units of work in the globe will be 
4T'r'xi ^ 1000^ 



the velocity of the centre of gyration 



7464960000' 
8 



Then tiio 



7464960000 193 74Q4!a«^ v.^^^ 



i 
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In a very thin hollow globe, Fig. 42, 

C^=CS multiplied by V|=-8165r 
r=CX=CA. 




In 8 solid sphere, Fig. 43, 

C^=CX multiplied by the Bqttaro root of | = 
■63245553 xr. 




When a solid sphere, Fig. 44, revolving about an axis, 
A X, outside the body, 

BO = r; C0 = ». 

i d 
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Cy=r v'i ; Fig, 45, a cjliniier round its axis, 




Cy=v'(«M-4'^); n = CO, Fig. 45. 
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€^ = ^(■^±1^); Fig. 46, i = the length. 






C,= V(ii^),Fig.«. 




i 



In a cone, Fig. 48, revolving Libmit tiie axis, 

FiR. 4S. 
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The cone, Fig. 49, 







^^^e^)-' 



Fig. 50. 
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Fig.SL 







In a straight lever, whose arms are m and n, Fig. 52, 
I the distance of the centre of ff^ration, y, from the axis 
I A X, or, 



'='''{^,y 




PEACTICAL MECHANICS. 
Rg. 55. CF=/; HD=6,- QE=b,. 

c,=v(li£±|!±5^). 




Cylinflncal ring, Fig. 56, 

CB=r,i CD= 



oy=^i^y 



Fig. iB. 



Xa ■ spheroid of revolution, polar Eemi-axis a, equktorioJ 
" '' a r, turning on the polar asia, 

Oy=rVt". 




I 



Facts go to show, and it seems reasonable to admit, that 
forces are proportional to Vte degrees of velocity which they 
impress in equal very short times, upon the same body, 
yielding freely to their action, and in the proper direction 
of this action. 

This is taken aa a fundamental axiom. 

Then if two forces, which we call F and Fj, act upon the 
same body and impress it with or deprive it of the very 
small degrees of velocity, v and Oi in the same element of 
time, t, then, according to the above axiom, we have, by the 
rule of three : 

F : F, : : r : B, ; (A). 

To estimate and measure the force that we have desig- 
nated by F, we compare it to another force whose effect on 
the given body is known — vrith gravity, for example— and 
as we know that the velocity, e,, imparted to heavy bodies 
in an element of time, t=g t — that is (see pp. 92, 93), 

v, = gt. 
The value of g varies in different latitudes, and at dif- 
ferent altitudes in the same latitude. In this work g is 
put=32J a second. 

The weight of the body, W, or the force exerted by 
gravity, may be put for Fi in proportion (A), then (A) 

P : W : : * : J (=p, 

:. F = " -f; (B). 

W 

'^=M is constant quantity, for when g is changed W is 

changed In the same ratio. This constant ratio, M, is 
termed the mass. That M is a constant quantity may be 
thus shown : Let the same body, W, in any other latitude 
weigh W„ and g changed to g^■, then, putting t for the same 
VeJement of time in both places, we have 
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W:W. ;: ff (=(p) : J.(=(r.). 

tf «| being veiy anull degrees of Telocity. 

W, 
= — =M=» constant qnantitj for all places. 



THE UEA8UKC OF MOTIVE FOBCE8 AND INERTIA. 



From equation (B) we can estimate the force called F 
in lbs. capable of imparting to or taking from a body of 
the weight W or mass M an element of velocity, v, in an 
element of time, t, aa 

When the ratio - ia constant, which is the case with 

imifonnly accelerated or retarded motion, F is a constant 
force, fiat, since to communicate to a body of the weight 
W a variation of velocity, v„ in an element of time, t, there 

W p 
must be developed an effort, — - ; then there is a resistance 

to be overcome, of which this effort is the measure. This 
tesistance is the force of inertia, the reaction which takes 
place every time that a variation of motion is produced. 
Thus equation (C) gives at one and the same time the 
measure of the motive force which produces the change of 
motion, and that of the force by which the body, by virtue 
of its inertia, opposes this change. An examination of 
equation (C) will show that, for a weight, W, or a given 
mois, Af, the magnitude of tlie force, F, will increase as the 

change of motion becomes more rapid, or as the ratio — 

becomes greater. It is thus we account for the magnitude 

of efforts and reactions developed in the transmission of 

^■motion by the shocks experienced between hard bodies, in 
^Bm very short interval of lime, when the \eV0dt3 Nmws ot \* 
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destroyed suddenly. An example will put this matter in a 
verj' clear light. In case we require the quantity of motion 
imparted to a ball weighing 38-ti lbs., and upon which cun- 
powder has impressed a velocity of 1600 feet a secon^ 
Fr = Mv. 

Themaw, M=^?=I-2; .". Pi=1920. 

, If we suppose snccesaively, 

(=1-00", 0-50", 0-10", 0-01", 
re have, 

F=19201bs., 3840IbB., 19200 lbs., 1920001bB. 
Wlien ft body has only a motion of translation, the vu 
W 
ica={mas») X (velocity)'= — w* ; hence the onits of work 

conservated in a body so moving=half the via viva= —= — 

— a result before established on theprincipleof work(p. 97). 
When tt body has a motion of rotation and a motion of 
translation, the vis viva=via viva due to translattoQ-|-rM 
viva due to rotation. I^ via of rotation= (mass) (angular 

velocity)»=^ — x (angular velocity)'. 

Let the body A=5 lbs, moving with a velocity of 
Bft. a second; B=91bs., moving witn a velocity of lift, a 
I second; required the accumulated work in these bodies in 
■terms of what writers on mechanics call vi» viva. 



Work in B= 



, ll»x9 
2 X 32 j^ 

,', The uaits of work in A and B together= 
, 6'x5+ll'x9 _ 

.*. The units of work accumulated =| the vis viva. 

Qttes. 27. What must be the weight of a single body, D, 
mo>Tng with the velocity of 10 feet a second, so that its 
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accumulated work may be equal to that of the bodies 
A, B, C, weighing 4, 5, 6 lbs, respectively, and moving, 
with a velocity of 9, 8, 7 feet a second respectively ? 

Let W=the weight of the body D, then the noits of work 
iaD= 



I 
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in A, B, and togcther= 

P'x4_.. 8'x5 . 7'x6 

.'. 10»xW=9"x4+8"x5+7»x6! (R). 
.-. W=9'38. 
It is ei-ident that if the bodies A, B, C, D be parts of 
the same machine, when the velocity of one of these bodies 
is increased, say n times, the velocities of the other bodies 
are also increased n times, and we establish the importaat 
fact that the weight W has not to be altered in the same 
machine. On this supposition, equation (R) becomes 

(10«)' X W={9ny X 4+(87.)'x 5+{7«)» x 6, 
which, when divided by n*, becomes equation (R), and 
W=9-381b8., as before. 



The maximum velocity will evidently take place at a 
point in the stroke where the pressure of the steam in the 
cylinder is equal to the whole pressures of the resistances 
acting against the steam ; for, so long as the pressure of 
the steam is greater than the resistances, the motion of the 
piston becomes accelerated ; *t the point indicated, the 
work in the piston will be equaNlH ^he work accumulated 
in the machme; from this properSpf the velocity of the 
pistou may be found. 




I 



W^muhi^tmmijt 



^ IflOO Met a aeo(»£ 



Bft^ l»OMIbs. 

B «f tnndarion, the t 



i ■ a ^"^ s* MmMg— M f tbe nt titm= 



r' W 

2? 
ttMdUm Aepscqile of work <p. 97). 
a aalaaa of luWran utd a motion of 
I Ms=i« tmm doe to transUtion+ru 
L. K* tM of rotstioa=(Man) (angular 

\jet tke Mr A=5 Uk, Bonng with a velocity of 
8ft.aaetMid:it=9bBi,»a*iBg witn ardocitr of lift, a 
wtBtmAi luMJiui ^ aocvBoktod mik in these bodies in 



~SxS2^ ' 



"2xSi^ 



• ■■liofvMkm And Btog«tlier=: 



.*. nenilaof w«kaoeiiaiiiIat«d=t tkr 

f 

<^m. >7. Wliat most be tlieweii^t of a^^ 



I Uiei 



of 10 f4et a < 
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Qu«s. 28. Given the pressure of the steam =45 lbs. and 
the croaa load on the piston= 18*5 lbs. on the square inch ; 
at w'hat point of the stroke will the velocity be greatest, 
supposing the steam cut off at 2^ feet of the stroke t 



Let X be put = 
iag to Boyle's U' 



: the required length of stroke ; 
r, the pressnre at this point in lb: 



But we also know that the velocity is greatest when the 
pressure = 185 lbs, on the square inch. 

■ 18-5 = *li«. 



I 



.-. ;s = 6^feet. 

Ques. 29. The length of the stroke in a condensine 
en^e is 12'3 feet, the pressure of the steam 43*7 lbs., and 
the steam cut off 3*7 feet of the stroke. Find the gross 
load upon each square inch, and the point at which the 
velocity of the piston is greatest t 
12-3 



3-7 



= 3324327. 



L 



The dust logarithm of 3-324327 may be calcal&ted in a 
mionte or two ; it is = 120126729, which, when divided by 10*, 
= 1-20126729. In the language of dual arithmetic, this open- 
tion is concisely expressed t£us : 

t j^— = 1-20126729. 

The amount of work on one sqnare inch of piston in a singld 

X 3 7 X 13013+43 7 x 3 7 =437 x 
X (2 2013} ^ 355 928197. 

n presBDre on the square inch = 
355-928197 



12 3 



= 28-94 lbs. 



I 



=3904. 
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It IE evident that the Teloci^ ie greatcBt st that point of the 
stroke where the expended steun attains the preesure of 28-94 lbs. 
Then, putting x for this point la the stroke, we have, b; Bojle's 
law, 

28-94 : 43-7 : : S-7 : « 
.-. «=5-69. 
It ie fnrther erident that the length of the stroke, 12'3 di- 
rid6d b; 2-20126729, gives the point x also. 

Qum. 30. The length of stroke = 9-76 feet, pressure 
of steam = 45*3 lbs., steam cut off at 2"5 feet of the 
stroke, the area of the piston = 4185'39 square inches, the 
weight moved having the same motion as the pbton = 
72640 lbs. ; what will be the maximum velocity of the 
piston ! 

9-76 
2-5 

The dual logarithm of 3-904 divided by 108 = 1-37200166 j 
then, according to what baa been shown in the last ejuunple 

575=np^jgp-=4-115 feet, the length of stroke made when the 

velocity is greatest. 

The work of the steam up to this point, on the whole 
lofiton, = 
45-3 X 2 5 x(l-49834708) x 4185-39=710310. 

Since the dual logarithim of -sx^'' Cl'G'*^) divided by 10* 
= -49834708, to which 1 is added. 
The nnits of work by the whole piston in a single 8troke= 
45-3 X 2 6 (2 372) X4185-39 = 1124317- 

For 2-372 = J, {3-904) divided by 10*11. 

, . ^ 45 3x2-5x2-372_ 
r. Uean pressure on the square inch = a^jc 

S7-52 lbs. 

But the work done npon the resistances up to the point (4'1 1 5) 
of the stroke where the velocity is a mnximam ^ 

4 lis X 27-62 X 4185 Sa^Viaat^ 



I 
I 

I 
I 
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/. Tbo accamnUted work in the piston when the veloci^ 
[b a nuximum = 

710210-473874=336236. 



6M 

.-. i;= 14-464 feet. 

Queg. 31. Taking the data of the last example, find the 
weight (W) of the mass moved, supposed to be posited in 
a position to have the same motion as the piston when its 
maximum velocity is 5 feet a second t 
W may be found from knowing that 

^^ = 236236. 
.-. W = 639713Ibs. = 286 tons nearly. 

Ques. 32. The length of the stroke in a condensing 
engine=10ft., the pressure of the Bteam=301bs., the 
steam cut off at 2 ft. of the stroke, the area of the piston 
4000 square inches, and the weight of the mass moved 
havTiic the same motion as the piston =50000 lbs. ; what is 
the velocity of the piston when 4 ft. of the stroke is made ? 

Total work on one square inch of the piston= 

30 X 3 X (2-60943791)=166 566. 
For the dual logarithm of — =160943791, and 1. added, 
to 1CJ943791 divided by 10», gives 2-G0943791. 



1&-657 lbs. 

The work done on the piston when 4 feet of the stroke is 
mBda= 

4000 X 30 X 2 X (1 69314718) ==406355- 

Since the dual logarithm of J= 2,=69314718. 
But the eznesa of this work oror the work expended in moving 
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the reaiBtance stows the mats of work accnmulated in the pistoa 
when 4 ft. of the stroke ia made. Work of resistance Dp to tbia 
point of the stroke= 

IS 657 X4000 X 4=250512. 
.*. Work accumulated in the piBton= 

406355 - 2505 1 2 = 155843- 
t> being put for the velocity, then 

»*x 50000 -^„,« 
0^ =155843. 

.-. e=14-16ft. 

In the s&rae manner the velocity may be foond for any 
part of the stroke. The weight of the mass moved in any 
engine, referred to the piston, may be found aa in ex- 
ample 23, The mechanical principles evolved in the last 
four examples are worthy of particular attention. 

Before the author of the present work, Oliver Byrne, 
discovered the art and science of dual arithmetic, mde- 
pendent and direct solutions of such questions as the follow- 
mg defied the combined skill of math era aticians. In such 
cases results were generally guessed at, or roughly approxi- 
mated to, by the help of empirical rules and limited tables. 
Questions that presented great difficulties may now be 
solved with ease, and without extraneous aids or methods of 
approximation ; the subject is merely touched upon in this 
work to call forth, in the young student, a spirit of inquiry 
resi>ecting an art so easily acquired, and at the same time 
extensive in its application. 

Quet, 33, Steam of 60 lbs. pressure (p) is cut of at x feet 
of the stroke, and expands, according to Boyle's law, so 
that the mean pressure throughout the stroke=32 lbs. \g), 
the whole stroKe=7'5ft. (a); find a; by a direct process, 
without the use of tables or empirical rules t 

»We have before shown that Jt T— ) is read the dual lo- 
garithiu of — , which any student may calculate by commoD 
addition and subtraction. 




Ml) ,) 



■•■ 'i.(5)+""='°'V- 

«U,".+io')-io'-^ ='!.(')■ 



r 

V Patting H for 10* ^ , and N for {, a-flO*; the lut equa- 
tion may become 

* N-M=« J, (*). 
Then a nataral number n may be found of whit^h N is the 
dual logarithm ; snd a nataral number, m, of which M is the dual 
logarithm. 

Taking the — root of both sides of the last equation, and 
eubstitating £ for — , then, 

k („-)-=(D-=- 



" '' ( m )='•<"''>'"""''' i 1, C'S) ■= 201490808. 
1, (7'5)+10"=|, (n) = SOU90302, |, (;) = 



•801490302 

- ='049060693 



J. 
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^M Then It ( - V =« 1, (*)= '400000000 (■049050593) = 

^M '19622037. 

^H The general eolntdon of equatdons of the fona 

^f a i,(z) = -19620237 

U giyen in Dnal Arithmetic a. New Art, Part 11., page 98. Bj 
tbia new art z is readilj found to be = the dual number ^ j '84,5, 
'2'4'6'6'0, which is equal to the natural number -076221291. 

^1 *= - =(-049050598) a=-076221291. 

^P .-. ;;= 1-53932 feet. 


VELOCITY ACQDIRED BT BODIES IN DESCENDING AN 
^m INOLINBD PI.ANE OB CUBVE. 

^H When a body deacenda an inclined plane by the force of 
^^ gravity, the work accomulated in the Dody is that which is 
Hue to the perpendicular elevation, without regard to the 
angle or curvature of the plane. Therefore, the velocity 
of the body will he that which it would acquire by falling 
freely along the perpendicular height of the curve or 
plane. 

Qua. 34. What velocity will a body acquire in descend- 
ing an inclined plane, whose perpendicular height is 
579 ft. t 

Putting ( for the tune of descent in seconds, 
^ ("xl6Vr=579. 
^ .•.(" = 36, or I = 6 seconda. 

Consequently, the velocity acquired at the end will be= 
6x82J=196ft.aBecond. 

Quet. 35. A train of 50 tons descends an incline of 
1200 feet, having a total riae of 170 feet ; find the velocity 
acquired by the train supposing the friction to be 61 lbs. a 

tODt 
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Work done by graTity = 

60 X 3340 X 170=1904000a 
Work doe to friction = 

6i X SO X 1200=390000. 
Thon the units of work in the trwn at the bottom of the 
I incline nill be 

10040000-390000=18650000. 
Putting V for the required velocity, tlien 50 tons =112000 lbs., 



r=103-5 feet a second, 
', 36. A train of 20 tons descends an incline, A B, 
' Pig' 57, of 360 feet, having a total rise, A R, of 6 feet, 
1 ascends another incline, B C, having a rise of 1 foot in 
20 ; how far will the train ascend the plane B before 
retnming to B, and what will be the velocity of the train 
on its return to B, supposina the friction to be 8 Iba. a 
1 AB, andeibs. onBC? 

Fig. 67. 



44800x6-20x8x360 = 311300- 

Tlien, putting x fur the length of the plane, B C, to which the 
I train will ascend, then sr, = H C, the height ; therefore, 



I 
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Patting tt for the velocity at B, then 

.*. t>=16-49ft. aaecond. 

Ques. 37. The weight of a fly-wheel is 2000 lbs., the 
centre of eyration describes a circle 40 feet in circumfer- 
ence, the circamference of the axis upon which it turns is 
10 inches, the wheel when stopi>ed was making 30 revolu- 
tions a minute, but came to a state of rest in 48 revolu- 
tions ; what part of the weight of the wheel is the friction 
upon the axis 1 

■ Units of work in the whi!el= 

40 X 30 
Since the velocity of the centre of gyration=20reet= — gg — 

The circumference of the axifl=fj=| feet. The length of the 
path in conlact during 48 revolutionB=| x 48=40 feet. Putting 

■ yfor the coefficient, 
/x2000x40=13435- 
•■■ /=A nearly. 
Since a cnbic foot of shaken gunpowder weighs about 960, 
and a cubic foot of cast iron 7200 ounces, it is readily shown 
that if z=diameter of calibre of a cannon in inches, a charge of 

gunpowder ^ the weight of the round shot will fill -^ inches 

length of bore. For, let y = length of bore filled with the gun- 
powder, then IT being put=3'H1592S5, 

ITa:" 960 , , 

-^ xi/x j^ = ounces of gunpowder, 



gnd — X r=Ki ^ onnces weight of round ehot ; 

■'* ^ T 1728 6 17»B* 

y^ -^ inches = •^ x fest, 
gaieTaJljj/=nx, n— jv- 
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Kise 

^B QiM. 38. Suppose the length of the bom of a cast-iron 
^K cannon = 12r inches (mx), diameter of bore = r inches, 

length occupied by the powder= -5- inches (««); the 

powder being exploded expands, according to Boyle's law, 
irom the space firat occupied to fill the whole oore, the 
force thus developed gives an initial velocity of v feet 
(1200) a second to a round-flhot x inches diameter. Re- 
quired the pressure (p) of the gas on the square inch before 
expansion takes place i 

The pressure of the atmosphere on the shot as it passes 
along tne bore is in a great measure counteracted by the 
gas which escapes around and before the shot. 

12^ divided bj^= ^~-=~i 
!nifl dnallogarithm of — =197408103, 



I 



Put ^ =: Uie dual logarithm of — divided by lO*. 

— p^ = nT;)^ = nnita of work on each square inch of cir- 
cular section of calibre by the expansion of the powder. There- 
fore the nnitfi of work done on the round-shot in passing the 

73^ n 
length of the boro := ttxp^ x -7-= ■j'tx^p^. 

Bnt the nnits of work in the shot is also equal to its weight in 
pounds multiplied by _ . 

g being put for 32^. 

Wwght of shot = — Tie' ounces =-^ — s^n-a^lba. = c « x», 
00 lb X 00 

if c be pat for the specific gravity of the shot divided bj 1728 
Xl6x6. 
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— T»*p^ ^ CWI? - 



-'. aP ^ = c — , an expression indepondent of both t and x, 
p=?-^'=U173'31C41b8. 



PROBLEM. 

fi Jind the position of the crank corresponding to its vtattmum 

and mitiimum velocity in a eitigle-acting eugine. 

Let O B and O D be the required positions on the 

crank, and let P represent the constant pressure of the con- 
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necting-rod, supposed to act in a vertical line. Put Q= 
tlie constant resistance, acting at one foot from the axis 
of the fly-wheel, equivjUent to the work of the engine. 

The motion will be accelerated from B to D. This 
acceleration will commence when the moving pressure is 
equal to the resisting pressure, and it mil cease under the 
same condition. Toe former will correspond to the posi- 
tion of minimum, the latter to that of maximum velocity. 
Hence, at these two points the moment of P must be equal 
to the moment of Q, and the point D will be as much 
below the horizontal line A O as the point B is above it. 
.■- PxCO = Qxl. (1). 

Again, by the equality of work, putting 
r=OB, 
Units of work by P io 1 revolution = 2 r P- 

Q ,. =Qx3x3'1416 

;. 3rP = Qx3x31416 (2). 
Dividing equation (1) by equation (2), 

From the table of natural sines 
■31831 = oo8inaof 71° 27'; 

f the angle BOC. 



Tojitid th£ dimeniiont of the Jli/-wlieel, stick thai its angular 
velocity may at no point differ from the mean velocity be- 
yond a certain limit. 

Let d and p be the masimimi and minimum velocities of 
the wheel at the distance of one foot from the axis ; W 
the weight of the wheel, and k the distance of tlie centre 
of gyration from the axis. 

Work of P from BtoD = PxBD = 

Px2rx8in71° 27 = 

3>-pxd48. 



I 
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Work of the consUnt pressure Q from D to B = 
0x2x3 l«1 6i<14a''B4' _ 
360° 
3rFx396a, 
by potting for Ox 2x3-1416 its Talae2rP, fonod in the 
Wt prohli'm. 

Now the difference of theee will give the uork that goes to 
increase the speed of Uie wheel between the points B and D, that 
18, iwri- gobg into the wheel between B and D = 

2rPx948-arPx 3968 = rpx 11022. 

y'fW 

2» ■ 

Jf W 

2j ■ 

Hence tbe accumnlated work gained from B to D= 

i" W 

-sj — - (<?—?"). bit tlii8 mnst be equal to the work 

before fonnd ; 

" 23 

Let V be the mean velocity of the wheel at one foot from the 
•xiB, and let the extreme velocities d and p differ from thta mean 
Tfilocity by tbe nth part ; then 



Accumulated work at B = 
Accnmalated work at D = 



-(d'-p') = rPxl'1022 



(3). 



i=Y+I.ndp-V-Ii 


I 


1 .-. ^-;.= ^ 


1 


Let N be the nnmber of double strokes performed a micnte, 1 


Let U be the work of the engine, then 


1 


U = 2rPN .-. '■P=2^ 


(6). 







I 

I 
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Subatitnting the rtiaes ^ren in the eqnatio&s (4), (5), (6), 
in e<^a&tio& (8), 

and T«idndng, 2^=82^ 

W-^ ^32ixiaOM 

i'N* 4x(i0472)« 

which is the expreBsion for the weight of the Qj-whe«l in 
pounds, 

If H be put for tie horse power of the engine, then XJ = 
33000 Hi Bubstitating this in equation (7), and reducing 
to tons, 

W=i|.x 11907 (8), 

which is the expression in units of tons. Let R = tlie mean 
radios of the flj-wheet, e = depth of the rim, then from a well- 
known property of the centre of gyration 



enbetitating this in equation (8), then 

W= -^ X 11907. 

Neglecting— as being compafatival; small, then 
W=^x 11907 (9). 

It may be observed that Die weight of the wheel variea 
inversely as the cube of the numb^ of strokes performed 
by the engine per miniite. 

If a=the area of tiie section of the rim in squnre feet, and 
450 lbs. be taken as the weight of a cubic foot of the metal, 

then W=2ir R a ■ — tons nearly. Substituting in equation 

(9), and solving the resulting equation for R, 

B-/-" •• « 11907x2240 ^i 

"-^N- o 2x3141Gx450; 
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... 1 y/il:=: 



B, 

vliich is an expression for the meui radios of a casUiron fl;- 
vheel of a eingle-acting engine, when there are given the nnmber 
of strokes of the piaton, the horee power, the area of the mean 
Mction of the rim, and the proportional variation from a mean 
velocity. Proceeding in the some way, for the double-acting 
engine, 

■ eBO A=2x-31831, 
12 /n HV 



— S("#)' 




In the fly-wheel B A W, Fig. 59, C A = R; C B=r, 

the outer and inner radius of the ring, W=weight of the 

ring in pounds ; to the weight of the arms, breadth of each, 

D £=£. If y be the centre of gyration of tlie ring and 

I wrms, then, putting ^=G y, 

f in CW-i-^) 

In practice, the center of gyration, including the ring 
and arms, may be a^umed at y=:r the kngtVi oi ^^^<ft\Q.Yl!£t 



I 



I 

I 

I 

i 
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radios from the centre, C. Putting a for the angnlar 
velocity or number of re^-oluUons a minute, at the end of 
the time ( in which the fly-wheel would concentrate the 
same power aa the steam engine, t may be taken:=128 
seconds ; bnt when the work is irregular, t may be taken 
aa high as 170 seconds. Taking these average qoantities, 
the weight of a fly-wheel for a ^ven horse power H 
will be 



W.isU = ai^iWil28J. 



Qaes. 39. Required the weight of a fiy-wheel when the 
engine is of 56 horse power ; the inner radius of the ring:= 
10 ft. making 42 revolutions a minute 1 



Weight = - 



133100x128x56 



It has been before ahon-n that the mass (m) of a body is 
a constant quantity at all heights and in all latitudes, while 
the weight (w) and the value of g are variable; but 

m = - under all circumstances. 

There is much imcertwnty and error involved in the 
methods employed by philosophers to find the value of ^ in 
different places. In this work, for the want of knowing 
better, g is put=32Jft. That is, a body falling from a 
state of rest is supposed to be moving at the end of the 
first second with a velocity of 32^ ft. a second. When we 
say absolutely and without other explanation that the 
quantity g, which expresses the acceleration produced by 
gravity, is the measure of this force, we give to students an 
incorrect idea, since g is in reality only the velocity im- 
ported to or taken from a body by gravi^ during each 
second of its action, and the velocity which is expressed in 
feet cannot measure a force wliich should be compared 
with poonds. 
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UOUENTUM OB QDANTITT OF MOTION. 

The products tn v, m V, equal to - o or - V, have 

S 9 

f 'received the name fnomentum; it is a conventional phrase, 

to which we attach no other signification than that of the 

product of the matt into the velocity imparted to or taken 

from it. 

K M = 193 lbs. where g = 32J ft., then the maas will 
be=-^ = 6. InParis ^ is said to be = 32-1817ft., in 

which place w would be=193'0902 lbs,; but the mass 

, , , 192-0902 , , 
remains unaltered, tor agi.b.^ - =•' ^^■ 

It may be further observed that the product m r, m V, 
is equal to ft or fT of the force, and time during which 
it has acted. If we consider two forces aa acting for 
different times upon two bodies of unequal masses, we 
ahaU have/i=m v, and F T=M V ; 

and .-. ft : ¥1: :: mv : MV, 
whence it follows that the quantities of motion m «, M V, 
imparted to or taken from different bodies in unequal 
times, are as the product of the forces to which they are 
due into the time during which these forces have acted. 
It is only when the times are equal that the quantities of 
motion impressed or destroyed are proportional to the 
forces, and can serve for their measure. From these re- 
marks it follows, as we shall presently explain, that In 
L shocks there is no loss of quantity ot motion, which is 
i expressed in saying that there is a preservation of the 
' quantities of motion. But we shall show hereafter that 
shocks occasion a loss of work. 

If the forces are equal and act during the same time, 

the quantities of motion imparted or destroyed, in the two 

bodies with masses m and M, are equal. This occurs in 

I the reaction of two bodies which press, push, or impinge 

KvpoD each other. The effects of compreE&ion aiid. T«&\au&Kft 



I 
I 
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being equal, opposed and developed during tlje seme time, 
it follows tlial tlie quontitj- of motion imparted, in the re- 
action, to one of tlie bodies is equal to that which is lost 
by the other. This is a fact which is a necessary conse- 
(juence of the theory of the shocks of bodies. 

Thus, for example, when a body with a mass m impreseed 
with a velocity v, inipinces on a body with a mass M 
animated with a velocity V, in the same line, whether in 
the same or opposite directions, it dci'elops at the point of 
contact equal and opposite efforts of compression, in an 
element of time t, taKing from the impinging body a amall 
degree of velocity f, ana consequently a quantity of motion 
m ii„ and imparting to the body sbocKed, if it moves in the 
same direction as the first, an increase of velocity V,, and 
a quantity of motion M V,. These quantities being equal, 
we have then, at each instant of the mutual shock or com- 
pression of bodies, m «|=MV|. In this case one of the 
bodies loses a quantity of motion equal to that gained by 
the other, and the sum of their two. quantities of motion 
remains the same. The same thing transpiring at each 
instant of the shock, it follows tlien that the total quantity 
of motion lost by a body is equal to that giuned by the 
Other during the compression, and tliat at each end of this 
period, the sum of the quantities of motion is the same 
after tlie shock aa before. This consequence constitutes 
the principle of the 

CONSERVATION OF THE QUANTITIES OP MOTION ; 

Otherwise termed, 

THE PRINCIPLE OF THE CONSERVATION OF MOTION OF 
TUB CENTRE OF GRAVITY. 

When operating with soft bodies, whose elasticity is com- 
pletely impaired by the shock, and which after compression 
unite and travel together with a common velocity u, the 
quantity of motion after the shock is (m+M) u, and frorr 

what proceeds we should have 

my+M V = (m+M)u. 
We derive for the commoa velocity after the shock 

"==^^ '■■> 



I 

I 
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Ques. 40. Let a body, A, weighing 772 lbs. move with a 
velocity of 7 ft. a second, ana impinge on a body, B, 
weighing 965 lbs., moving the same way in a line jointDg 
their centres of gravity with a velocitv of 4 ft. a secon^ 
and after compression suppose these boaiea unite and travel 
together, what is the common velocity after the shock ? 



965 
"82i ' 



(M). 



;ordiDg to (I.) the common velocity 
24 X 7+30 X 
^~ 24+30 

ights instead of the masses 
me, and much unnecessary 



= 5ift. 



Now had we employed the v 
the result would have been the 
work avoided ; 

_772x7+965j 



772+965 
1 way we avoid employini 



=5ift. 



In this way we avoid employing the quantity ff. The 
same result would be obt^ned if tne lb. weight happened 
to be too light or too heavy. Suppose in the present case 
the standard pound to be ^^ part too light, so that A's 

correct weight would be 772+^nvr=776 lbs., and B'a 



"^193 



, 965 



:970 lbs. Putting these weights for the 



8 in (I.), 



If the body shocked was at rest, v 
and (I.) is reduced to 



should haveV=o, 



m+M ^ ' 

or, substituUng the weights, w, W, for the masses (U "i 
I becomes 



i 
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I —i+w- 

H^ If two bodies strike against each other in opposite direc- 
tions, a simQarity of action exists ; but then, at the end of 
the compression, either the bodies are both brought to a 
state of rest, and we have 

m«' = MV,and u = o,iii(I.), 
or one of the two goes backward, and they proceed with a 
common velocity, m. 

If it ia the body M which goes backwards, the quantity 
of motion lost by the body miam (v — ti), and the quan- 
tity of motion developed during the period of compression 
by the forces of reaction upon the body M is composed of 
that which has been destroyed, or M V, plus that imparted 
in an opposite direction, M m, and because the quantities of 
motion developed on both sides upon each of the bodies 

» should be equal ; therefore, 
™(.-.) = M(V+.)i 
••■ -=^f^ (HI.) 

If the weights of the bodies, w, W. be substituted for the 



» 



I 



ii mc wcigiiia ui LUC uouibs, w, h , uB auuoumieu lui Lue 

masses in (III-), the value of u will not be altered, and 



Divide the numerator and denominator of (IV.) by w 
and it becomes 



a formula in which we see that the velocity of the imping- 
ing body will be ao much the less changed as its weight, w, is 
j^ater in its ratio with that of the body shocked. Hence 
m machines working by shocks we must increase the weight 
of the impinging pieces in their ratio to the pieces shocked, 
in a ratio so much greater as it ia desired to maintain a 
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greater regularity of motion. If the body shocked is i 
rest, Buch as a pile driven by a ram, we iiave V=o; the 



I 



velocitj' of the descent of the pile and the ram 
after the shock is 



'+T5 

which shows that this velocity will differ so much the less 
from that of the arrival of the ram upon the head of the 
pile as the weight to of the ram is greater in its ratio with 
that of the pile. It is best in this case, then, to increase 
the weight of the ram rather than its velocity ; for the work 
employed to raise it increaies only with its weight, while 
its work will be increased proportionally to the liejght of 
elevation, or to the square velocity of its descent. 

Quet.il. Let a body, A, weighing 1351 lbs. (m) move 
with a velocity of 10 feet a second and impinge on a body, 
B, weighing 579 lbs. (W) moving with a velocttv of 14 feet 
a second in an opposite direction in a straight line joining 
the centres of graWty of A and B ; after compression, sup- 
pose these bodies to unite and travel together, what b the 
common velocity after the shock t 

Massof A=*^^='t2; (m), 



MM8ofB=^^=18 (M). 

From (in.) we find the common veloci^ m, 
42x10-18x14 „„- ^ 

«= 18+42— ='-»'^^^ 

Had we employed the weights of the bodies instead of 
the masses of A and B, the result, as in the former case, 
would not be altered. Thus, 
I 1351x10-579x14 „^, . . 

'- "= 1351+579 =^'^ f^* " '''°''^- 

In this way we avoid employing the quantity (7=321, or 
any other value. The same result would be obtained, u ^\ja 



I 
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pound weight tbat meastired the weight of the bodies hajH 
pened to be too heaip-y or too light. Suppose, in the pre- 
sent case, the standard pound to be yj-r part too beary \ 

1351 
then the correct weight of A would be 1351 t^t- = 

1344 lbs., and the correct wdgbt of B would be 579 — 

g|=5761bs 



_ 134jxl0-576xl4 _ 
1344+576 



2-8 fe«t. 



However, in measoring units of work, the pound weight 
must be correct. 

The preceding considerations were proved by direct ex- 
periments by the justly celebrated French engineer, General 
Arthur Morin. He employed the following apparatus : 
A wooden bos, in which was placed Buccessively day, more 
or less soft, sand, pieces of wood, &c., the whole suspended 
to a dynamometer having a style and turning plate. The 
plate was impressed with a uniform motion, whicli was trans- 
mitted by a weight and r^ulated by a fan fly-wheel. When 
tlie box was immovable, tne resistance of the dynamometer 
was in equilibrium witli theweightof theboxand its contents, 
and the curve of Bexure traced by the style upon the plate 
was a circle. The impinging body was a cannon-ball held 
by thongs, openmg at pleasure, and when it struck Uie 
materials in the bos it caused compression, immediately 
after which the two bodies fell together with a common 
velocity. It is easy to compare in each case the results of 
these experiments with those of theory. Some of these 
comparisons are presented here : 
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' Common Geometrical Problem, in which none of the prittciples 
of Mechanics are involved. 
Given S P= 13-52 ft. the radins of the index P of a bal- 
listic pendulum which shows the ranee of the recofl by 
marking soft compressible matter placed in a box. A P the 
chord ofthe arc of recoil= 10-4 ft., SG = 10-14 ft., the dis- 
tance of the centre of gravity, G, of thependulum, PQRS, 
and ball w. It is required to find the height, D Q, that the 
centre of gravity is raised when P moves from P to A ? 

Draw A B and CD perpendicular to SP; then AP* 
divided by twice SP=BP, Fig. 60. 
^ ^ 10-4' 

And BP: PB::Sa: DG, tbatis 

lS-52:4::10-14:3f(.=DO. 

Fig. BO. 



I 
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Mechanical Problem. 

"Let y be the centre of gyration of the pendulum 
PQRS, Fig. 60, without the ball, Sj(=10ft.; if W= 
the weight or the pendulum, and w=the weight of the ball, 
i, the point where the ball impinges, 6S=12ft., what 
weight must be placed at b, so that the pendulum would 
receive the same motion as when its weight is placed at y, 
its centre of gjTation ; the position of the centre of gyration 
L of the pendulum and ball together is also required T 

I , WxSv' be 

' We have before shown that if a weight = — i~,^' ■ 

placed at b, the pendulum would receive the same mo- 
tion from a blow as when the weight, W, is placed at y. 
Now if the weight W of the pendulum = 9 tons = 
I 20160 lbs., 

Suppose w the weight of the ball = 20 lbs., then lfa = 
the distance of the centre of gyration of both the pendu- 
lum and ball together from the point of suspension S, from 
what has been aliown, page 104, 

,_ Wx8y'+.ox86' 

20160x10' f 20x12' 



:=10'0022, eo that the position of the centre of gyration 
is not much changed by the weight of the ball 

Que». 42. A ballistic pendulum, PQRS, Fig. 60, is struck 
by a cast-iron round-shot b, weighing w lbs. =20 lbs. with a 
TOOcity ; the pendulum being at rest weighing W lbs. = 
20160 lbs. ; Sy, the distance of tlie centre of gyration of 
the pendulum from the point of suspension = 10 ft. ; S 6, 
the distance from the point of suspension to where the ball 
lodgea=12 ft. Kequired the velocity oi tkft i^m^. 'nW-k 



r 
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the ball strikes and of the centre of gyration of both pen- 
dulum and ball combined T 

By the last problem, if 11,000 lbs. be placed at b, the 
pendulum wotud receive the same motion as when the 
weight of the pendulum W= 20160 lbs. is placed at y, its 
centre of uyration. We may, therefore, consider the body 
to to impinge directly with a velocity v upon the body 
weighing 14000 lbs. at rest, and the two bodies will move 
on together after impact in the same manner as if they were 
inelastic Let x be the common velocity after the stroke, 
then, since the momentum or quantity of motion is the same 
before and after impact, we have 



I 



I 



io+UOO0~U020 
By the last problem the distance of the centre of gyra- 
tion of ball and pendulum from the point of suspension = 
10-0022 ft. 

.„ ..„„„„ 20 r 200044 » 

the Telocity of the centre of gyration of the bodies combined. 

Qaes. 43, A ball weighing 20 lbs. strikes a ballistic pen- 
dulum, P Q K S, Fig. 60, weighing 9 tons, at a distance of 
12 ft. from the point of suspension, making the length of 
the chord of recoil = A P= 10-4 ft. ; S P, the radius of the 
index P=13-52ft. The distance SG=8-45ft.,G being 
the centre of gravity of the ball and pendulum combined. 
Sv=10ft., y being the centre of gyration of the pendulum 
without the nail. Required r, the velocity with which the 
ball strikes the pendulum! 

By the preceding geometrical problem, PB=4ft., then 
13*52 :4::8-45:2-5ft.=GD. 

^ , , . 200-044r , 

Irom the last question ii-ogiA =the velocity of the 

centre of gyration of the ball and pendulum combined. 
Therefore, the units of work developed by the ball = 



/ goo 044 1- \» lo+W 
\ 168240 / '^^tr 
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These units of work are wholly expended in raising the 
centre of gravity from G to D= 2^ feet. But the nnits of 
work required to raise the centre of gravity from G to D 
b al£o= 

2ix{..+W); 

H •• 1168240'' 64^ '**^«'-»-"^J' 



. 168240 '' 64i ' 



2 / 168240 \' 

Uoo-oW 



: x/^xMM«'=l0665-75feet. 
6 200-0i4 



^ This problem is distorted to show how the principle of 
work will apply without considering the oscillations of the 
pendulum or involving the centre of oscillation. 
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SHOCK OF TWO ELASTIC BODIES. 



, If we suppose that the two bodies under consideration 
Ire perfectly elastic, moving in the same direction, the 
effects of compression will be at firat the same as in one of 
the preceding cases, pp. 134 to 140, and at the end of this 
time the body m will nave lost a velocity, u — «, and a quan- 
tity of motion m («— u), and the body M will have gained 
a quantity of motion M (u— V), and these quantities being 
eqnalj we have, as before explained, the common velocity u, 
a t the end of the compression, 

K wc+M V 

■ m+M 

^F But, after the instant of greatest compression, the elastic 
bodies regain their primitive form, and in the return to it 
develop, if the elasticity ia powerful, efforts equal to their 
resistance or compression, and consequently destroy or 
impart quantities of motion equal to those which tlie^nave 
previously destroyed or imparted. It f ^llows from this that 
m the unbending of the molecular spiu\^\\ie\wA"j itw^^ 
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— u, and that its final veloci^ 
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further lose a Telodty=v 
will be 

t>— 2 (o— u)=2u— p, 

Mid the body M will receive a new increase of velocity 

equal to u—V, and will then have a final velocity equal to 

V+2(«-V)=2u-V. 

If the body M were at rest at the beginning, supposing 

it perfectly elastic, it will then receive a velocity=2 u, as 

V =o. That ia to say, twice that intparted to a soft biidy 

under the same circumstances, or 

2mv 

m+M- 

These reasonings relative to soft and elastic bodies pre- 
suppose the existence of bodies deprived of all elasticity, 
and others endowed with perfect elasticity. Neither of 
these hypotheses is exact ; and, according to circumstances 
in which they are placed, a body may act as if deprived of 
all elasticity, or as if possessed of only a partial elasticity. 
So also a body which, in certain condidons, acts as if it 
were perfectly elastic, will only appear as if partially so in 
other cases. We will here cite some exataples, the results 
of experiments analogous to the preceding theory, made by 
Moriuj and which were effected by placing at the bottom of 
a movable box a plate of cast iron, upon which fell a 
Bphericai body. 

Morin'b Exfbriuehth ufoh ths TRANHinssioti ov MoTioir BT 
THK Shock of a Sphkeioal PEOJBcrrLB fallino dpos a cabt- 
iBON Plate. 
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I The resnlta recorded in this table show that the cnfit-iron 
plate ehocked acted as a body perfectly elastic But it ia 
proper here to make some important remarks. The pro- 
jectile, which, had it been in the condition of a perfectly 
elastic body as well as the parts of the plate with which it 
came in immediate contact, would have risen a height cor- 
responding to the velocity 2 u—v, did not by any means 
attain this height. This proves that the intensity of the 
shock in these experiments had changed, in a great meor' 
sure, the elasticity of the moleculiu- springs of the parts in 
contact, while the elasticity of flexure, or of the general 
form of the plat& had not been altered. We see By this, 
that although bodies endowed with a ceitain elasticity appa- 
rently resume their primitive form, there is, nearly in every 
case, a notable loss of work produced by the shock, by 
reason of the more or less complete alteration of Its 
elasticity. 



QCANTITT OF MOTION mPABTED BT A CONSTANT FORCE. 

When the force is constant, let ua call it F, and the time 
' it is in operation, long or short, let it be called (. Whence 



.-. F=-i;. 

This expression shows that the effort required to impart 
ir destroy a quantity of motion m w is so much the greater 
as the time employed ia less ; and since the reciprocal 
action of bodies is more rapid, compared to the spaces 
described, their compressions, flexures, and penetrations are 
less for the same quantity of motion destroyed. We have 
here explained why it is that the shock of hard bodies, 
the transmission or destruction of motion by bodies slightly 
Hexible, compressible, or extensible, occasion such great 
efforts and auch ruptures and accidents; and how it is, on 
the other hand, by the interposition of soft and com- 
r pressible bodies that the intensity of efforts awA \)ftKa totv- 
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H sequences are so much diinimshed. We aee hy the ex- 

■ preasioQ F=— p that a finite velocity t> could never impart 

in an infinitely small time to a mass m, except by an infi- 
nite effort, whicli shows the error in the hjpothesis of the 
instantaneous transmission of motion by forces, to which 
we are then compelled to give a special name, and thus 
suppose a special nature in calling them forces of per- 
cussion. Tnb error is often too explicitly admitted in the 
teachings of rational mechanics. Notlimg like an instan- 
taneous operation really occurs in nature ; quantities of 
motion are imparted and destroyed in greater or less 
periods of time, sometimes, Indeed, imperceptible to our 
senses and means of observation, but never instantaneous. 

Familiar examples will enable the student better to 
appreciate this matter. We have before alluded to the 
quantity of motion imparted to a ball upon which the force 
of gunpowder imparted a given velocity. We shall hece 
take another example of this kind. 

tQues. 44. Let it be required to find the force or effort of 
the gunpowder that impresses a velocity of 1500 feet a 
second on a ball weighing 9(i'5 lbs. ; supposing the velocity 
to be communicated in ^ part of a second, or while the 
ball passes through the barrel whose length is 20 feet ! 

m=—=-=S 
S2J g 

F=- v=a X 76 X 1500=337500 lbs., 
1 
for to divide by the time t=-fs we multiply by 75. This gives an 
idea of the enormoas efforts developed by the gunpowder. 

QiK». 45. Suppose two horses to impress upon a coach, 

sighing 3 tons 17 cwta. 14 lbs., a velociu- of 6 miles an 

hour, what force must these horses develop to start this 



I 
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load in two seconds, with a velocity of 8"8 feet a second, or 
6 miles an hour 1 

3 tons 17 cwt. 14 lbB.=6685 lbs. 

9 32i 

F=5xi.=?Z2x8-8=11881b8., 
( 2 

Degleding tlie friction of the ground and the friction of the 
wbeel-box«fl, which in ordinary cues would require an effort 



8685 
"ST' 



=289-5 Uw., or 144-75 to each horse, and 



I 



We see, in this case, that ta impart this velocity in two 
seconds, each horse must develop a mean effort of 738"75 lbs., 
which is more than 18 times the mean effort to be exerted 
after the velocity has been once acquired ; for a horse can 
only use a traction of 41}, going at the rate of 5 miles an 
hour. (See page 12.) 

It may be remarked here, that the breaking of traces, 
of swing bars, wounds upon the breasts, and straining of 
hams, arise from the great rapidity of the destruction of 
the quantity of motion impressed by the horses upon their 
own masses by the resistance and reaction of tlie inertia 
of the vehicle ; whence the necessity of starting with slack 
traces, and of warning and urging the horses gently with 
the voice. Similar effects are produced in starting and 
stopping railroad trains ; and in seeking the means of 
prompt^ checking these enormous masses, we must bear 
in mind that too sudden changes of velocity are dangerous 
to the passengers. Finally, the means adopted for the 
connexion of machines, or for rapid trunsmission of motioi' 
to them, should be disposed or proportioned agreef 
to these ideas. . times 

an exact 
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Quit. 46. A hammer, H, Fig. 61, strikes a nail, N, and 
drives it ^ of an inch, the hammer weighs 11*58 lbs., and io 
dehveriiig the blow it passes over the space Q N= 10 feet 
in a second ; required the force in pounds delivered bj the 
hammer upon the head of the nailf 

Fig. ei. 




Uoui, 



10h.:l"::^tl.:^- 

the time occupied in driving the nail J of an inch camiot 
•m 5^ of B eecond=(. 



^M The force 

^H is nearly=a ton. 

^m The: 

^" here tei 
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F = - X D=SG X 480 X 10 = 1728 Iba. 

1 ponndB delivered apon the head of the nail 



The student should be careful in makiiig use of what is 
here termed the quantity of motion, or momentum, for when 
■we know the product of the mass of a hody and the velocity 
imparted or taken from it, we have the measure of effect 
produced bv the force during the period of action ; but we 
see that this measure cannot be taken as a term of com- 
parison except for analogous cases, where the velocities are 
really imparted or destroyed by the force, and it does not 
follow that the product Ft ox the force, by its period of 
action (equal, when there is a change in the state of motion, 
to the quantity of motion imparted or destroyed), should 
always serve aa a measure or the effect of forces, »s is 
flometimes admitted for certain instruments and certain 
kinds of work. Indeed, it is readily seen that an effort 
may continue a long time without producing a mechanical 
effect. Thus, horses pulling upon a mired waggon, with- 
out starting it, develop considerable efforts, wluch, multi- 
plied by the period of their action, would give an enormous 
product without any useful effort resulting in any mecha- 
nical work, and nothing but the fatigue and exhaustion of 
the horses. Take, for example, the draught of a plough, 
which in strong earth requires a mean total force of 794 lbs. 
Suppose the furrow to be 400 feet long, the horses in one 
take 100" and in the other 200" to plough it. We sliall 
have for the first case, 

F (=794x 100"=79400 ; and in the second, 
Fr = 794ft.x2OO"=15880O; and yet in both casea 
they have accomplished the same work. 

An instrument ^ving the product of efforts by the times 
ir periods of duration would by no means lead to an exact 
appreciation of the mechanical effects pToiu^ywV, Tt&'aM& 
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measTtro of these effects is, the method established in tHs 
work, the product of the effort exerted by the path de- 
scribed in its duration, which we estimate in units OP 
WOKX. 

Important Obtervation. 

It shoidd be farther observed, that it is only in the case 
of a constant effort acting during a time t= I" that we can 
take the product m v for the measure of the effort F, and 
then we nave 

W 
F=U v= — V, or the pn^rtion 



fiut in cases of variable efforts, the same mode of measure- 
ment does not apply for finite times, for forces varjing 
according to very different laws may in the same time im- 
part equal quantities of motion to the same body or to 
different bodies. The formula F=Mi' will only give then 
the value of a mean constant effort capable of imparting in 
the Borne time the same quantity of motion. 



If a body freely descends an inclined plane bjr the force 
of gravity alone, the units of work accumulated m the body 
will be that due to the perpendicular elevation, without 
regard to the angle or curve of the path. Consequently, 
the velociU" of the body will be that which it should acquire 
in falling freely through the perpendicular height, 

Ques. 47. What velocity will a body acquire in descend- 
ing an inclined plane wnose perpendiciuar height is = 
579 feet t 
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Potting t for the time of dcBcent, 

.-. ('=36, Mid 

1=6 seconds ; 

.-. the velocity acquired at the end will be 32^ x 6=198 feet. 

Que», 48. A tralo of 120 tons descends an incline of 
1000 feet, having a total rise of 20 feet ; what will be the 
Telocity acquired by the train, BuppoNing the friction to be 
71ba. a toni 

120 tons =268800 Iba. 
The uuitG of work due to gravity will be 

368800 X 20=5376000. 
Units of work destrojed by the friction = 

130 X 7 X 1000=840000. 
Hierefore the unite of work in the train when it arriveB at the 
bottom of the incline will be 

3688000-840000=1848000- 
^H Potting V for the velocity acquired, we have 
H ^x 368800 

k 

^H The I 
^f uoned I 



64i 



- = 1848000. 



1188880 



442-291666. 



" 2688 
p=21 feet, nearlj. 



THE RESISTANCE OF FLUmS. 



The resistance of fluids to an immersed hody is occa- 
uoned by the force required to displace the fluid. It is 
evident that the fluid displaced must have the same velocity 
given to it as that of the movine body ; it follows, tliere- 
lore, that the work destroyed by the fluid must be eaua! to 
the accumulated toork in the fluid. Ta'ie, for example, the 
front of a bo<ly=20l square feet preat nted perpendicularly 
to the line of motion, the weight ot ft c«»\ft S.«A "A. ■*» | 
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fluid=62ilb3., and the velocity of the body 10 miles an 
hour= 14| feet a second ; tlien the weight oi the fluid dis- 
placed every second= 

201 X U\ X 62^= 182776 lbs. 

But this weight b&s & velocity ot 14{ a second ; 

.'. the imiu of work expended in the displacement nill be 

(l^)'x 182776 

64i 

since these units of work h&ve been destroyed, vhile the body 

moved over 14} feet; if z be pnt foi the resiatonce ia poonde, 

this work will slso be represented by 

XX 141 

. ,^-,. (l*;)'x 182776 . 

.. XXA«t- g^. 

144X182776 ,.„„„„ 

;. x=—^-w-. =41669 lbs. 

6H 
The value of x may be put under the form 

x=(14i)-x 201 X gi- 
lt therefore appears that the resistance increases with 
the square of the velocity, as well as with the extent of the 
surface presented to the fluid. In extreme velocities this 
law does not liold strictly true, as the friction of the fluid 
along the sides of the body has considerable effect. It ap- 
pears also, from certain railroad experiments, that the 
resistance of the atmosphere to the motion of the tnun de- 
pends chiefly upon the length of the train, and not so much 
upon the extent of the frontage of the carriages. 
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THE EFTLUX OF FLDIDS. 



When an aperture is made in the side of a vessel, con- 
stantly full of^watiT, then the accumulated work of the fluid, 
on bemc discharge*' through the aperture, is equal to tlta 
work wTiich the force of gravity would perform upon it 
vMe descending a space equal to l\ie ^t^wAiKwlai daijth 
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Wt^ the apertare, Conseqwentlj, the velocity of the water as 
f it leaves the orifice is equal to the velocity which a body 

would acquire in falling freely tlirough a space etiual to the 

perpendicular depth of the aperture. 

Ques. 49. The cross sectional area of pipe is 36 square 

inches ; how many cubic feet of water will it discharge a 

minute from a vessel kept constantly full, the depth olthe 

discharge-pipe being 21 feet T 

Let V he the velocitj of the dischsrge, and w the %Tcigkt in lbs. 

of the water discharged ; then the accunuilattd uori: in ui SB it 

is discharged will be 

But the toorl: in descending 21 feet is eqool to 
21XK'; 

.'. t.'=2Ix 641=1351; 
.-. ii=v/l35I = 36-756 feet. 
Then the discharge in cubic feet a taiimt* wUl be 

yj7 X GO X 36-756=551i cubic feet, nearly. 

Ques. 50. How many cubic feet of water will a pipe 
S square inches of cross section discharge in a minate, the 
vessel being kept constantly full, and 5000 lbs. placed on a 
piston 6tting tne cistern in contact with the water; the 
cross sectional area of the piston 4 square feet, the depth of 
the discharge-pipe 10 feet? 
k The effect of the pressure on the piston is equivalent to that of 
Is colamn of w&t«r that would produce the given pressare, 
r 5000 

■ • T g2-5 — ^^ '®'^* additional height. 

The height of the column of water producing the same prcs- 
■nre =20 -f- 10=30. 

Velocity =v''30x"64J=48-93 feet a second, and the 
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OF PONCELET 8 WATER- WHEZL. 

In the common under-shot water-wheel the paddles are 
flat, whereas m Poncelet's wheel they have a curved shape, 
A B ; so that the direction of the curve at A, where the 
water meets the paddle, is the same as the direction of the 
stream. 

By this ingenious contrivance the water rolls np the 
curved incline A B without meeting with any sudden ob- 

»„. ,. Btruction calculated to occasion a 

loss of work. The channel has a 
^^B depression at the point where the 

J^K water falls from the paddles. Let 

■■^ V be the velocity of the stream, 

and V that of the wheel ; then, 
since the point A of the paddle is 
^^ .^^^-.. ^^^^- moving away from tlie stream, 

^L the water will flow upon the 

^H paddle with the velocity V — v, and will continue to run up 
^r the curved line until it has lost its motion ; it will then 
descend, acquiring in its descent the same velocity as that 
which it had in its ascent, but in a contrary direction. If 
the wheel were not to move during its return, V — c would 
be exactly the velocity of discharge from right to left ; but 
the paddle is moving the water from left to right with the 
velocity v, tlierefore the absolute velocity of the water upon 
leaving the paddle will be V— tJ— «= V— 2f. 

Now all the work will have been taken out of the water 
when its motion upon leaving the paddle is nothing — that 
is, when V— 2b=0, 

or V=2 p. 
In this case the water, having lost all its motion, will 
simply drop from the paddle, and the work done upon the 
wheel will be equal to the work accumulated in the water 
of the stream. Moreover, it appears that the maximum 
condition is fulfilled when the velocity of the stream is 
double that of the wheel. However, the distinguished in- 
ventor states that, in practice, the velocity of the water, in 
t order to procure its maximum effect, ougnt to be 2^ timee 
that of the wheel, and that the mo<lu(ui of the wheel ifl 



I 
I 



PRACTICAL UECHASIOS. 157 

about ^. This wheel, other things bein^ the same, will 
perform about twice the work of the common undeivshot 
wheel. 

When there is motion in the water after leaving the 
wheel, the work accumulated in the water must be calcu- 
lated, and subtracted from the whole work originally in it, 
in order to obtain the work done upon the wheel. 

Qws. 51. Suppose 193 cubic feet of water flow upon the 
paddles of a Poncelet wheel a second, with the velocity of 
8 feet, when the wheel moves at the rate of 4 feet a second ; 
required the horse power of the wheel t 

This is obviously a case of maximum work. Weight of the 
Hater flowing a second 

= 193x625=1206251b9. 
Work each second 

8"xl206a5_ 



64i 

Horse power 

1200 0x60 , 
- 33000 

No Bccoont is taken of friction and other resistances. 



=12000; 

^=ar-8i8. 



Qties. 52. Required the same as in the preceding ex- 
ample, when the quantity of water is 386 cubic leet a 
second, the velocity of the stream 8 feet, and of the wheel 
Sfeetl 

The velocity with which the water leaves this wheel will b« 
8-(2x2)=4 feet. 

Weight of thfl water acting upon the wheel each second = 
886x6251bB,=W. 

(V-u) t.=(8-2)x2 = 12. 

Henoe the onits of work developed by the wheel in a second 
will be 
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3(386xeaS)., 



32J 

the liorso power will be 

18000" X 60 



=32A^ 



FIHE-ENOINE. 

In this machine water is forced through a tnbe with a 
velocity necessary to reach a certain height. When the 
quantity of water that passes through the nozzle in a second 
is given, and the area of the cross section, the velocity is 
readily calculated, and also the power of the machine. 

Qites. 53. How many men are required to work a fire- 
engine, allowing each man to perform 2500 units of work 
in a minute ; the area of the cross section of the nozzle= 
{ of a square inch, when 100 gallons, each containing 
i77*274 cubic inches, have to be discharged in a minute t 



j of a square inch : 



square foot. 



Cabio feet of iratei discharged in a secoad : 



27727-4 

'60x1728' 



hence 



2772-74 192 



X1728'' 



51-34 feet 



the velocity in feot a second nill be 7 
a second. 

100 imperial galloua =1000 lbs. of water a minnte; 
.*. the accumulated work in a second 
_ (S134)' 1000" 
64i ^ 60 ■ 
The acoumdatfid work in a minute will be 

^^64'*' "" 1000=409709'. 

409709 _ 15.333. BO that 17 men will be required to 
2500 

work this Sre-engiuc, 
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I Qtut. 54. Let a ram, W, Fig. 63, weighing 
1158 lbs. fall 24 feet, and dnve the pile P 
4 inches. What force in Iba. is developed by 
the ram on the head of the pile ? 

Units of work expended in raising the nuD= 
34x1168; patting t> for the velocity Acqnired 
by tie ram in falling 24 feet, then 

_ .■. i)=v/64|x24=39-2938 feetsBecond. The 
tame that the pile is penetrating 4 inches cannot be 

IfiBsthan ii7.gfti4 P"'t "^ " second; F ( = m p^ 



P=36: 



™- 32i - 

! 117-8814x3 



r Definition. — The centre of oscillation, O, Fig. 64, is that 
point of a body, QK, in which, if the whole mass was col- 
lected, it would vibrate through a given angle about a hori- 
zontal axis, P T, by the force of gravity as before the 
matter was collected. 

If G be the centre of gravity, y the centre of gyration, 
■ then the position of the centre of oscillation is uistantly 
[ found ; for, if P be the centre of motion, 

po = <m: 

PG 
IfPG=18. and Py=24, then 

P0=-=3.. 

The centre of ptrcuuion b the same as the centre of osciU 
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Fig. 61. 
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Wlien the cylinder rerolves round the axis A X, the Bqoare 
of the radius of gyration Dy=^r» ; battbeaxia QR is parallel 
to A X ; therefore, if 8 be the ceotre of gyration for this axis, 

SP= Vo« -J- J r' = '*'45> + li=45-2, nearly. 

The distance from P to O, the c«ntre of oscillalioQ, 

_(PB). 

~ PG 

A circular disc whose plant is perpendicular to the axis 
Q R, with G as centre, radius = r, and G P=a, will have 
ita centre of oscillation at the same point O, aa the cylinder- 
that is, 

Po==!±i:-=.+f:. 
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CHAPTER VIL 



Aktthino which cannot be presented to the senses must 
De represented convention ally, or no idea of it can be enter- 
tained by the mind. We have no objection to represent 
tlie magnitudes and directions of forces, velocities, pressures, 
thrusts, and tensions by etraigbt lines of different lengths 
and in different positions; but we object to the careless 
manner in which writers on mechanics represent forces, 
pressures, velocities, &c., by straight lines, triangles, and 
parallelograms, out of all proportion, and often, too, without 
the least regard to the action, direction, or nature of the 
force considered. In the sixth chapter we gave a conven- 
tional signification to the areas of plane figures, but in the 
present chapter the sides and angles of triangles, parallelo- 
grams, and other plane figures are employed to give an idea 
of mechanical operations and combinations. 

The split arrow ( smp ^ ) is put to designate the direc- 
tions of tensions, the arrow without feathers ( — > ) 
Ea out the directions of thrusts, while the complete arrow 
> ) applies to foreea and velocities in general. If 
forces, F, Q, R, Fig. 66, be represented by the 
abstract numbers, 6, 4, 3, respectively, then if A B C be a 
triangle whose side AC=:6, AB = 4, B C = 3, equal parts 
taken from any scale of equal parts ; let P O be a tension 
equal and parallel to A C| Q O a tension equal and parallel 
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to A B, R O a tension equaJ and parallel to B C ; these 
three tensions will keep the point O at rest. Three tJirusts 
represented by three lines P O, Q, OR, whose lengths 
are as 6, 4, and 3, respectively, and parallel to the sides of 
the triangle ABC, will also keep the point O at rest. 
Take A T equal and parallel to B C, then the two thrusis 
represented ni magnitude and direction by the lines T A, 
B A, and the tension represented in magnitude and direc- 
tion by the line A C, wiU keep the point A at rest. Again, 
if B S be equal and parallel to A U, tensions represented 

I by A B, B 5, and a thrust, C B, will keep the point B at 

-xest 

I Let PA, QR,Fig. 67, be apai-allelogram, if PA, QA, 

represent the magnitudes and directions of two forces, two 

pressures, two thrusts, two tensions, or two velocities acting 

on the material point A ; then the diagonal R A will repre- 

u 2 
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sent the magnitude and direction of a single force, pres- 
snre, thrust, &c., e()nivalent to the operationa represented 
br the lengths and directions of PA and Q A. buch ima- 
ginary panillelograms form a great portion of the stock-in- 



I 




trade of writers on mechanics. We have introduced Figs. 
fi6 to 70 to illnBtrate the manner in which the different 
forms of arrows are appUed. The properties pointed oat in 
Fig. 6R dejwnd upon the truth asserted of the parallelo- 
gram P A Q R, Yig. 67, which we will prove presently. 

TTie principle of svffident reaton ; jirst employed fry Archi- 
medes i" demonslralintj tlie fundamental propotitiona of 

fneehaiiict. 

Let P and Q, Fig. 68, be two equal forces acting in the 
same plane on the ngid perpendicular prop A R, the point 
R fixed ; further, let these forces P, Q make equal angles, 
SAD, SAB, with the prop A R, which may turn to the 
right or left round the fixed point R. But aa the forces P 
andQ and the angles BAS and D A S are also equal, there 
is no reason why the post A R will turn to the right or left ; 
hence it will stand, and the two tensions will be neutralised 
by the perpendicular tlirust of the post A R. This we call a 
medianiciu demonstration, and the principle applied "the- 
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principle of sufficient reason." For tliere is no reason why 
the post uniler consideration should fall to one side morj 
than another, hence we conclude it will fall to neither side. 
Let A B C D be a parallelo(rratn whose sides are all equal ; 
if the length of the line A B be taken to represent the mag- 
nitude of the foi-ce Q, then A D will truly represent the 
force P, and two other equal fences, V and U, applied to the 
point C, represented in magnitude and direction by the 
lines C D, C B, will counteract the forces P and Q the same 
as the post A K. the diagonal A C being rigid. The prin- 
ciple of sufficient reason apiilit'S here as in the former CBJie. 
It ii evident that any number of equal forces may be ap- 
plied in the directions of the arrows, P=Q=V=U, witli- 
. out disturbing the form of the equal-sided parallelogram 
bABCD, or the position of the rigid diagonal A. The 
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abstract truth of the parallelo^n^m of force^i, thrusts, ten- 
Bions, pressnres, or velocities mav he established by reason- 
ing as follows : Let A B C O \>e a parallelofrram ; when 
its sides can be expressed bv numbers, it may bo di\-ided 
into small pnralleliwams, the sides of which are all etjual 
to one another. We have selected a verj' simple case, 
and taken O C =4 etjual parts and A 0=3 of the same 
parts. 

Let the force P be to the force Q as tn to n ; in the 
present example, 

P : Q : : 4 ; 3. 

The forces P and Q applie<l to the material point O in 
the direction O C, O A, may evidently be represented by 
the lines C, O A ; if a new set of forces, represented by 
the small parallelograms, be introduced as represented by 
the arrows in the Figure, the combined action of the forces 
P and Q will not be interfered with, nor will the equili- 
brium of the Figure be disturbed. Take, for example, tlie 
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small equal-sided parallelogram D E T L, and for a moment 
suppose the diaconal D T rigid ; then ihe principle of tuffi- 
ctent reattm applies to the forces introduced, and no dis- 
turbance takes place. Let us now view these forces under 
another aspect. The forces along the sides of the small 
parallelograms on the line C O are equal to the force P, 
hut in a contrary direction, and hence destroys it. The 
forces represented on the line 9, 10, also destroy one 
another. This may he said of the forcea on the line 7, 8 ; 
but the forces on the line A B are not neutralised, and are 
exactly equal to the force P, but applied to the point B in 
the diaeonal B. Again, the forces along the sides of 
the small pamllelograms on the line A O are equal to the 
force Q, but in a. contrary direction, and hence maybe aaid 
to destroy it. The forces pointed out by the arrows on the 
line 1, i, also neutralise one another; the same may be 
said of the forces supposed to be introduced on the line 
3, 4, and so on until we arrive at the forces pointed out on 
the last line B C, which, together, are exactly equal to the 
force Q, but applied to the point B in the diagonal O B. 
According as the eijual parts be long or short, ^e point B 
will change its position ; but it will always be in the dia- 
gonal O 2, and tne forces a+i+o + d=Pand (;+/+e=Q 
will in all cases have their resultant position in the diagonal 
O Z, Had we supposed the force P to be divided into 1000 
equal forces, O C would be represented by 1000 equal 
parts, and O A=Q would then be composed of 750 such 
parts, and our reasoning on the 760000 equilateral small 
parallelograms of forces would result in the same conclu- 
sion. The equilibrium of forces and pressures may be 
illustrated in a practical way by a simple mechanical contri- 
I Vance, represented in Fig. 70, easilv constructed. Suppose 
I PQR to be a slate or board rolling freely upon three 
' equal spherical balls placed on a honxontal table, ABC. 
If any three points, P, Q, E, be taken in the surface of the 
plane movable on the balls, and cords, A P, B Q, C R, be 
attached, passing over the pulleys, with a different amount 
of weight attached to the other ends ; the ends with the 
ireights attached are not represented in the cut. The 




board P Q R will roll upon the balls, and ultimately come 
to rest upon the table A B C, where the three forces destrov 
each other. When this experiment is carefully made, it 
will be found that the directions of the forces A P, B Q, 
C R, meet in the same point, O. A^un, from any scale of 
equal parts take O »'=the pounds in the force drawing the 
cord Q B, and from the same scale of equal parts lay off 
0(1 = the pounds drawing the cord RC; then, if the pa- 
rallelogram Or^a be constructed, the diagonal Os will be 
in the direction of the third force acting over the pulley A. 
It will be further found that the units of lengtn in 0«, 
the diagonal, will = the weight or force acting by the 
cord A P. 

If Oa=22 equal parts, O r=28, and 0«=26, all mea- 
sured on the same scale of equal parts, then, if 7 lbs. 
attached to the cord Q B, and 5i Ids. to the cord R C, a 
weight of 6i lbs. must be attached to cord A B to maintain 
this equilibrium. When forces are thus represented by A 
parallelogram, as Oria the forces represented by the aides 
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are called the component forces, while the force repr&- 
eented by the diagonal is denominated the resultant. 
Another experiment may be instituted to determine the in- 
tensity of forces by this simple apparatus. Instead of three 
forces being applied to the board, let there be any number ; 
and suppose H to be any point taken in the movable plane 
P Q R, and from H let "fall perpendiculars, H n, H n?, Hf, 
&c, in the directions, or directions produced, of the forces j 
then the units of length, taken from any scale of equal 
parts, multiplied by the pounds in the corresponding force, 
will be what is termed the moment of that force tending to 
turn the board or movable plane upon the point H. This 
beinf; done, the principle denominated tke prineiple of the 
equality of momenU may bfe verified by experiment. Here 
but three forces are applied, but any given number may 
be introduced ; in the present case, 

H/ X B lbs. + H m X C lbs. = H n A lbs. 
The student must not confound t)t* yrindpU of Ae 
equality of momenta, just defined, with the intensity of 
forces usually considered by examining the motions they 
produce, or the spaces passed over when the motions are uni- 
formly accelerated. It has been before shown that, generally, 
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(Force) = -- 



(I); 



( being an extremely small portion of time, denominated an 
element, during which ihe velocity v is generated. The 
above formula allows that if, by obser\-ing the laws of 
motion, we know for each instant the value of the ratio — > 

we shall then have that of the corresponding effort desig- 
nated (Force) in the above formula. Suppose we know, 
from experiment, that the motion is uniformly accelerated, 
we have, for the space S, 

S=iV,xT'. 



In which V,= 

W 
(Force) =— 



a(I.)i 
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Qm*. 56. Suppose a locomotive weighing 10 tons 
(22400 lbs.) runs, with a uniform accelerated motion, s 
distance of 154*4 feet in 4 seconds; required the force in 
lbs. capable of imparting this accelerated motion, the friction 
of the rail not being considered t 

f™» (IL, (F„™, = »iiJ»x?ia5il)=,3«oib.. 

(See pp. 93, 94, lie.) 
Definition. — A bar is called a sfnif, or a tie, according as 
a tbniat or a pull is exerted along its line of resistance. 

Que*. 57. Let C H IJ A be a skeleton diagram representing 
centres and lines of resi statuses, H B a platform with 3 load 
\V=47 cwt. upon it, C B a chain supporting both load and 
platform ; find, by construction, the tension of the chain 
and the amount and direction of the pressure upon H, the 
point about which the jilatform turns, the weight of which 
being neglected ? 

Draw W A peqiendicnlar to H B, intersecting the chaiD 
inA; join A and H, and, from a scale of equal parts, layoff 
Ap=47, a part for each lb. in W which acts m the direc- 
tio'i AW. Draw pr parallel to C B, and rn parallel to 
A W ; the parallelogram Anrp gives the required tension 
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' and thrnat. In the diagram A r= 37 equal parts, answering 
to 37 cwt^ the pressure on the hinge H; A n=26 equal 
parts, answering to 2ti cwt., the pressure tending to break 
the chain. Take H*=A r, draw »m parallel to W H,aml 
g t parallel to H C ; then H ( gives the ihnist of W agatnsi 
llie wall which is represented W H C, and H m shows the 
pressure in the direction of the stationary wall H C> 
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Qftet. 58. Given a trianaiular intme, A B C, Fig. 72, 
loaded and supported both in the direction of the vertical 
line DE; find tlie relative portions of tlie forces? 

Put A, B, C for the tijree joints, and a,b,e for the three 
bars. These thin^ being premised, from any point, P, 
draw P R, P Q, PS parallel to the lines of resistance a,b,e 
respectively! across these lines draw thevenical lineQRS, 
then the following proportions apply to the forces: 

Load on A : Bupportiag farce at B ; supporting force at G : 
stresK along e : Etresd along a : stress along b ; so stand in order 
and proportioD tlie lines 

Q8:BR:QR:P8:PR:PQ. 
Out of the six proportions thus succinctly stated, to illus- 
trate, we shall single out one : 

Load on A : supporting force at B : : Q S : S K. 

Qae«. 59. Let a pole, A B, Fig. 73, be supported by 



conl, U B, and carry a weight, 



fig. Yd, be supported by a 
_ W; required tlie tension of 
the coi-d, and the pressure on the polef 

From B to « lay off equal parts, equal to the units of 
weight in W ; draw m n parallel to C B, intersecting B A 
in m ; draw mp parallel to B n ; therefore the units in Sp 
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will give the tension of the cord C B, and the nnita, mea- 
Buretion tlie same scale of equal parts, in the diagonal Bm, 
will give the thrust on the pole A B. 

Istruts may be distinguished from ties thus : In Fig. 74, 
P Q, Q R, represent two bars of a frame meeting at the 
joint Q, produce the lines of resistance beyond Q to S and 
T. Then a force in tbe direction of the arrow A, between 




the angle P Q R, both bars are struts ; if the force be in 
the direction of the arrow B, in the angle T Q P, then P Q 
is a stmt, and Q R a tie. Again, when the force is applidl 
in the direction of the arrow C, both bars are ties ; and, 
lastly, when the force is in the direction of the arrow D, 
in the angle S Q R, then P Q is a tie, and Q R is a strut 

Quet, 60. A beam, A B, resting on a wall, C, and sup- 

Sorted by a cord, Q A; it is required to-determine the 
irection and tension of tlie cord B P, so that the beam 
may not change its position when the wall C is removed, 
the point B being also given T 

Let G be the centre of gravity of the beam, through 
which draw the vertical line Q s in the direction ai tx>a 



r. 
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plumb line, to meet Q A produced in s, join s B, and pro- 
duce it; B P in the direction of « B shows the dii-eetion a 
cord fastened at B must take so that the beam will not 
change its position when the wall C b removed. 

To find whether a pier, or other support, ST, Fig. ifi, 
will overturn by the action of a force P, or the resultant of 
several forces operating in a ^ven direction, P C A. Pro- 
duce the direction of the force P, and let fall the perpen- 
dicular O A ; then, in order that the structure may not 
turn on the point U, we must have, G being the centra of 
gravity, 

Weight of the structure S T x O B greater than P x O A. 
When (weight ST)xOB=PxOjC the pier will be on 
the point of turning on the edge, O. 



Let B C be the vertical line passing through the centre 
' ^r»Tit_y of the pier or pillar, intersecting the dii«c- 
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Etion of the force P in the point 
f C ; from a scale of equal 
parts take C F=tlie units in 
the pressure P, and from the 
same scale take C E = the 
units in the weight of tlie 
rtmcture, S T ; complete the 
parallelogram of forces, 
C D E F, then C D will give 
the amount and direction of 
the single force tending to 
overturn the structure or stii>- 

JDrt, S T. When C D pro- 
uced intersect the base witli- 
R in the edge O, tiie structiia- 
I will stand; but should the 
' point of intersection, R, fall 
without the base, the struc- 
ture must fall. 

Qua. 61. A T, Fig. 77, 
18 a pier, or buttress, weigh- 
ing 860000 lbs., P a pres- 
sure of 320000 lbs. ; A B 
= OT=6-6ft.;OA=BT 
= 15 ft. ; the cross section 
A B T O is a rectangular 
parallelogram, of which G 
K the centre of gravity. 
The direction of the fonre 
P tending to overturn the 
structure cuts A B 4 ft. 
from A, and A O at C, 
7 ft from A. It is required 
to find whether the struc- 
ture will stand or fall, and 
what will be the amount of 
the pressure, P, just suffi- 
cient to overturn the solid 
mass of which ABTO is a 




J 
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C P= -/A C-j- A P*= V7'+4*=8-0GiJ2577, 

CP : PA :: CO : OQ, 

or, 80622577 : 4 :: 8 : 3'9e9=OQ. 

Since AT is a rertangular parallelogram, a vertical lin^ 
S O m, passinc through the centre of gravity, G, divides 
the base O T into two eaual parts. 

/. pS=ST=3'8ft.; thea we CMi eompare 

Moment of tha wall=860000 x O 8=2838000. 

Moment of the pressure =320000 x O Q=:I270080, 

26S8000 being greater than 1270080. 

The BtracUire will stand. 



Putting X for t!ie pressure that ' 
acting iu the direction of P, 

then, ixOQ=2838000. 



ill just overturn it, 



- ^="3'9069 = """''="'=■ 
If P=715022 lbs., the point R will coincide with the point 
on the out«r edge of the structare. 

Geometricai Proposition. 
Fig. 78. _ If the sides, or the sides 

produced, of one triangle, 
a be, Fig. 78, be respectively 
perpendicular to the sides, 
or sides produced, of another, 
ABC, these triangles are 
similar. 

ii Q, J P, 6 B, represent the 
tliri^u peqiHrnliculars, 
j\ng!e C+C S P = a right angle, 
Angle c+c S Q=a right angle ; 
But angle C S P = angle c S Q, 
;. angle c=Bng!e C. 
In the some way the angle b maj be shown to be equal to the 
«qfj0 B ; Mtd couseqaeultir the angle a= A. 
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F\mieular Polygon, 



Funicular Polygon is the term employed to designate a po- 
lygon formed of rods, chaJiis, or cords, whose angulHr points 
are solicited by any forces whatever. Tlie equilibrium of 
ich B system of tlirusts, tensions, &c., are subject to rules 
*sily determined. First, let us suppose that the polyjp>n 
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has not all its sides in the same plane, and is represented 
by the contour, A B C D E F. Let P, Q, R, S, T, . . . 
be the forces acting upon each of the summits A, B, C, O, E ; 
the respective tensions of the sides A B, B C, C D, DE, 
E F, represented by T, T„ T„ T, . . respectively. If the 
entire polygon is in etjuilibrium, it must be so for all the 
summits separately, and since T, must be equal and oppo- 
site to the resultant of T and P, it follows that any two 
sides uniting at the same summit, and the direction of tlie 
force acting upon this summit, must be in the same ulane ; 
and the tension T, must be equal and opposite to tlie re- 
sultant of the force Q and tension Tj, anu consequently in 
substituting at the summit C, for the tension T , its two 
components P and T, the forces P and Q and the tensions 
T and Tj, supposed to be transferred to the point C, 
parallel to themselves, must be in equilibrium. We see 
also that the forces P, Q, K, and the tensions T and T„ 
supposed to be transmitted to the summit D in parallel 




directions, mast then produce an equilibrium. By continu- 
ing this process, we arrive at the conclusion, for the equi- 
librium of the funicular polygon, that when all the external 
forces and the tcnsibns of the extreme sides are regarded as 
transferred parallel to themselves to any summit, tney must 
necessarily produce an equilibrium there. These remarks 
ore independent of the direction of the forces and the 
nature of the sides, and are applicable when the sides are 
subjected to efforts of compression instead of tension, with 
the reservation solely that the sides be sufficiently rigid to 
resist tlie compressions, without a change of form. Where 
the forces soliciting the funicular polygon are weights, in 
which case the forces P, Q,R, S . . are ail vertical and 
parallel, and the polygon are necessarily in one plane ; for, 
the direction of each force, and those of the two sides meet- 
ing at the summit, are in the same vertical plane ; and, as 
through one side we can draw but one vertical plane, it 
^L follows that the two vertical planes, containing the same 
^K Bide of the polygon, are coincident, and so for the other 
H sides. Agam, smce all the external forces P, Q, R, , . and 
^B the tensions T, T, of the first and last sides are in equili- 
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brium, T and T« must also be in equilibrium with ibe 
single resultant of all the parallel fgrces. 

Determination of Ae Teruioni by a Graphical Constntetivn. 

If, in accordance with the preceding views, we describe 
upon the side A B, produced, from any cooTenient scale of 
equftl parts, a length equal to the tension T, and construct 
the parallelogram B add, Fig, 80, the side B a, measured on 
the same scale of equal parts, will represent their tension, T, 
of the side B C, and the side B rf, the external force P. 
Then, if we draw through the point B, for example, a line 
B G' perpendicular to the directions of the forces P, Q, K, 
. . . u^ which lay off B C", C D', D' E', E> F', K' 0', 
proportional to the forces P, Q, R, S, U, and from the 
same point erect the line B O perpendicular to A H 
with a length proportioned to the tension T, or to B A, 
the triangle B O C' having two sides, B O, B C, reapec- 



md proportional to the sides B 6 and 
S bd, must be sii " 

ropositioo preceding. Th 



tively perpendiculi 

" ! of the triangle B bd, must be similar to it by the 




I 



PRACTICAL UECHAN1C5. 



lal to the third side, b d 



I 



O C\ of the first will be proporti 

or B a, or to the tension Ti, and will be perpendicular to 
the side B C of the polygon ; the following tnangle will be 
in the same condition, in relation to the side CD, to the 
force Q, and the tension Tj, which will be proportional to 
the side OC, and so on. Then, if the weight soliciting 
the different summits of the contour A, B, C, . . . are in 
equilibrium, and we lay off upon a horizontal line lengths re- 
spectively proportional to these weights, and tlien from points 
of this line corresponding to each summit draw straight 
lines perpendicular to the directions of the sides of the poly- 
gon, all these right lines will intersect at the same point, and 
tneir lengths wUl be proportional to the tensions of the aides 
of the polygon, which will thus be determined. If a line V Z 
be drawn parallel to B G', the triangle V O Z answers the 
same purpose as the triangle B G'. The triangle B O G', 
Fig. 81, expresses the same relations as the triangle B O G^, 
Fig. 80, BG' being taken equal to the sum and in the 
direction of the forces P, Q, R . . . B O is drawn parallel 
to the direction of T, and B X parallel to the direction of 
T» ; Q' X gives the tension of T, and G' O the tension of Tt, 
both measured on the same scale of equal parts as B G'. 
O B is parallel to T or A B ; O C is drawn parallel to B C ; 
OD'toCDjOE'toDE; OF'toEF. 

We have been very particular to pass nothing oTOf that 
might make the proper relations and actions of forces, thus 
circumstanced, clear to the mind of the student, since the 

tiroper arrangement of thrusts and tensions, the action of 
iracee, struts, and ties, in bridge-building, roofing, and in 
all sorts of lattice-work, designed to combme strength with 
lightness, depend upon the extension of the simple principles 
bere presented. 

If the same Fig, 81 be inverted, then such frame. Fig. 82, 
consists chiefly of struts, and is, therefore, unstable unless 
their ends are made fast by suitable stays. In a polvgonal 
frame loaded and suspended vertically, represented by the 
skeleton diagram, Fig. 81, the bars which are struts in 
Fig. 82 become ties, and the frame is stable and yet 
flexible. 
The diagram of forces foi Fig. 82 may >be conctntcted 
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88 follows : — Suppose the polygonal frame loaded vertically 
and supported vertically, let A, B, C, D, . . . be the bars ; 
a,b,c,d... the joints, of which b, e,d,e,f are loaded, a 
and g are supported. Take any convenient point, as O, 
draw O A' parallel to A ; O B' parallel to B ; O C parallei 
to C; O D' parallel to D; O E" parallel to E; OF' 
parallel to F ; and O G' parallel to G. Then draw the 
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vertical line A' F' crossing the lines O A', O B', O C. . . 
Then if the whole load on the frame be represented by 
A' F', the parts into which A' F' is cut by the lines O A', 
■ OB, O C, . . . will represent the fractional parts of 
the load that must rest on each of the joints to secure 
equihbrium. 

A, Bi represents the part of the load to be applied at the 
joint fi ; B, C| the part to be applied at c j Ci D, the part 
to be applied at d ; and so on. The lengths of the hnea 
O A|, O B,, O Ci, . . . represent the resistances along the 
lines A, B, C, ... to which they are respectively parallel. 
The two parts Ft G„ G, At, into which !■ i A, is divided by 
the line U 6i parallel to G represent the supporting force* 
at a Knd g, that is, Fi Q| represents the ^u'^^ru^t^ W^ka ^ 
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.-. The Bide w»ll at C anpportg 8533 Ibe. of the weiglit W, 
■od tlie Bide wall at A, 2467 lbs. nearly. 

Ai sin. 90° : O a : : C08. a 4 : ft= 3667-3. 
.-.' The horisontal thrnst aioog the side A C = 3667 Ibe. 

Fig.M. 



I 






Draw A ^perpendicular to A C, and = a 6, tlie vertical 
weight at A, Pig, 83 ; make A « = O a, the thrust along the 
rafter A B ; complete the parallelogram Ap m n, and draw 
the diagonal ni A,= the amount and direction of the pressure 
of the roof tending to overturn the wall A, Or, to avoid com- 
pticaling the figure, we reproduce the diagram of forces. 
Fig. 84 ; taking the lines Oa, a b, complete the parallelo- 

fram Orba, then the diagonal a t- gives the nmount and 
irection of the pressure as well as the parallelogram 
A n mp. Fig. 83. On the lines O c, eb, construct the 
parallelogram 0»bc, draw Sc=the amount and direction 
of the pressure of the roof applied to overturn the wall C, 
when tlie tie A C is omitted. 




Given the skeleton diagram A B C D E, Fig. 85, of a 
frstue loaded and supported vertically ; A E being hori- 
zontal. O Bi is parallel to A B ; O Ci parallel to B C ; 
O D, parallel to C D ; O E, parallel to D E ; and O Fi is 
drawn parallel to A E ; Bi Ei represents the whole load, 
andj being vertical, is perpendicular to O F|, Now suppose 
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the angle F, 01=12°, the natural tangent of which is 

[ •21255=F,C„when 0F,= 1; the secant of this angle is 

1-0223=OC, .F,0B, = b7''; F, O D,=25*; F, O E,= 

fiO" ; then the comparative lengths of the lines in the tlia- 

[ firam of forces will stand thus : 

TangfTiL Secsnl. 

O Pi = I , FiC, = -21255 O C, = 10223 

F,B, = "6355 O B, = 1 -2521 

F,Di=-46e80 OD,= 1-1033 

F,E,=11917 OEi = l-5557 

This frame is vertically loaded with 5000 lbs, ; how is It 
distiibuted, and what are the particulars of its action when 
the forces balance each other i 

F, B,+F,Ei=l-94525 = 5000 lbs. 
1-94625 : 5000 :: 10223 : 2628 lbs. Btress along the bar J 

orBC. 

1-94525 : 5000 : : 1-2521 : 3218 lbs. stress along A B or bar o. 

1-94526 : 6000 : : 1-1033 ; 2836 lbs. stress along bar c. 

1'94525 : 5000 : 1*5557 : 3999 lbs. stress sloiig rf. 

F,B,-F,C,=C, B,=-75355-'2ia56=-541 

1-94525 : 5000 ; : '541 : 1891 lbs. load on the joint B. 

F,C,+P, D,=C, D,=-67885 

1-94525 : 5000 : : -67885 : 1745 lbs. load on the joint C. 

F, E,-FiDi=-7254 
1-94525 : 5000 : : -7254 : 1864 lbs. load on the joint D. 
1-94525 : 5000 : : F, E, : 3063 lbs., 
the rertical weight falling on the support at E, the remainder 
of the weight, or 5000— 3063= 1937 lbs., must fall on the support 
at A. Tbe horizontal stress being represented in the diagram of 
forces by Fi=l, we have 

1-94525 ; 5000 : r 1 : 2570 lbs., 
the horizontal stress of the frame. When tbe load is properly 
distributed, the necessary stays, C E, AC, require but little 
strength ; without stays such a frame, however well balanced, 
would be luistable. Here, aa in other places, we have been caie- 
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fal to ftToid encDmbering: the mind of the student nith theoretical 
developments of a complicated nature. However, when these 
simple constmctions and ordinary calculations are clearly under- 
stood, the fiystem is easily generalised, and in practice readily 
applied to a variety of complicated stmctureB. 



PRACTICAL EXAUPLE6 OF WOODEN AND ntON BBIDGES 
IN WHICH THE ACTIONS OP FORCES EXPLAINED IN 
THIS CHAPTER HAVE BEEN APPLIED WITH HOKE OR 
LESS SUCCESS. 

Analysis 0/ the Wooden Bridget of the United States and 
Canada. 
The McCallum Inflexible Arched Truss Bridge ap- 
proaches nearer the standard of perfection than any other 
wooden bridges that have fallen under the author's notice; 
tliis fact is easily establislied by comparison and demon- 
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the truss, securely fastened tliereto, and, extending below 
the lower chorda, abut against the masonry. 

This form of truss was extensively used throughout the 
United States pre>-ious to the introduction of railroads. 
Many spans were of mvat length, and in cases where the 
arches were large, and the masonry sufficiently permanent, 
this bridge was comparatively successful. Mucn difficulty 
was, however, experienced, by reason of the absence of 
countei'-braces. A moving load produced a vibratory and 
undulating motion, tending to loosen the connexion of the 
timbers, which generally resulted in failure. 

Many of the Jiml railroad bridges, both in Europe and 
America, were built upon this plan ; but much greater dif- 
ficultvwas found in adapting it to the use of railroads, than 
had been jireviously experienced in its use upon common 
roads. This difficulty arose from, 1st, the practical impos- 
sibility of perfectly combining the action of the arch and 
the truss (each system, of itself, being insufficient to cany 
the whole load) ; and, 2nil, the absence of counter-braces. 
These defects, clearly apparent in their use on common 
roads, were greatly aggravated under the increased and con- 
centrated nature of the weight, and tlie rapid transit of 
trains on railroads. It is true, they were obviated in part 
by adding hirgely to the amount of material in the struc- 
tures ; but as the difficulty was inherent in the plan, violent 
contortioris in shape could not be prevented, and these in 
time caused failures. 

These remarks are intended to apply to spans of consi- 
derable length, as ex|)erience has proved that plans of even 
an inferior grade may be measurably successful in spans of 
opdinarv length j whereas, notliing short of the most judi- 
cious distribution of material will ensure permanency in 
cases where long spans are indispensable, and any arrange- 
ment which can be made permanent in the latter case must 
I certainly prove so in the former. 
It is worthy of remark here, that this particular com- 
bination of the arch with the truss is even now, with 
some, a favourite idea, but it is believed that its warmest 
■dvocates will be generally found among those whose op- 
'. 
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portonities for practical investigation have been limited, 
and that it ia only necessary that the question be properly 
presented to them, to produce a change of views in respect 
to it. 

This partiality for the combination of the arch and the 
truss is attributable partly to the fact, that the simple truss 
has in many instances failed, and, as a last resort, the arch 
has been added, of such dimensions and strength as to be 
competent to carry the truss and load ; the truss serving 
only as a stiffener to the arch, while the latter, thrusting 
upon the masoniy, has sustained the whole weight. Be- 
sides, to the casual observer who has never studied bridge 
construction, this combination presents at least an ap- 

fearance of great strength and solidity, which do not m 
act exist. 

That the simple truss without the arch has failed in 
some instances is untjuestionably true ; but while many of 
these failures have been caused from inattention to, or 
ignorance of, the laws regulating the composition and reso- 
lution of forces, by fur the greater number have arisen from 
the inferior quality, or lack of the requisite amount of mate- 
rial, or from infenor workmanship. 

The acknowledge)! failure of the Burr Truss, as applied 
to railroad purposes, led to the invention of several other 
plans, ail of wliich were based upon the abandonment of 
the arch, and wei-e aimed at perfecting a truss, which, of 
itself, would be sufficient to meet the emergencies of the 
case. This was in pursuance of what was considered a very 
reasonable hypothesis, namely, that one system properly pro- 
portioned must prove much superior to any metiiod or ar^ 
rangement in which the attempt was made to combine two 
distinct principles, in their nature heterogeneous. 

Among the most prominent plans presented to remedy 
existing defects was one invented bv Col. Stephen H. Long. 
This plan of bridge was composed oi lower and upper chords, 
posts and braces, similar in outline and general arrange- 
ments to the Butt Truss, but differing from it in detail. 
An efficient system of counter-braces was introduced ; these 
were made oujustable by wooden wedges, as were also tlio 
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sustaining braces, by means of which any desirable eleva- 
tion or deflection mi^ht be given to the truss. Tliiaplan of 
truss was rijipd to a degree not previously att&ined ; and to 
such an extent was this true, that, when properly adjusted, 
no perceptible deflection was produced oy the passage of 
the load. 

It was, however, found difiicult to keep it in adjustment, 
in consequence of the great shrinkage of the wedges and 
other timoers of the truss. 

The invention of what is known as the Howe Bridge fol- 
lowed. In this, as in Col. Long's bridge, the idea of com- 
bining the arch with the truss was orvjinally abandoned 
for reasons heretofore given, and it was believed that tliis 
simple form of truss would prove equal to any reasonable 
requirement. 

In the Howt Bridge, the posts used in the Burr and 
Lone bridges are dispensed with, and iron rods substi- 
tuted, by means of which any desirable camber may be 
given to the truss, thus overcoming the practical diflicultv 
previously experienced in the adjustment of Col. Longs 
bridge, by the use of wooden wedges. 

This method of producing camlxtr is certainly an im- 
provement upon the means adopted in the Long bridge 
tor that purpose, but is much Inferior to the latter in its 
method of counter-bracing, in that they are not adjustable, 
and perform a tiegativti rather tlian a pontive duty. 

The Howe Bridge is composed of lower and upper chonls, 
braces and counter-braces, vertical rods, and cast-iron 
bearing bloch. The braces abut the hearing blocks, which 
pass through the chords in such a manner as to permit the 
rods to bear directly upon them. 

Spans of considerable length were built upon this plan, 
but experience proved tliat even this truss — like all others 
— had its limit, beyond which it could not be safely ex- 
tended. 

In the progress of railroad enterprises, in order to save 
large expenditures of money for masonry, longer spans 
than had been previously used became desirable, and in 
certun locations absolutely imlis[>en3ablc; besides this, 




locomotives were largely increaaed In weif;lit, to meet the 
demands of traffic, and furnish a more economical mode of 
working ; and thus arose the necessity for the adoption of 
some other expedient to meet the increased requirements 
of bridges. As all had been done bv way of improving 
this truss that mechanical skill could devise, and which tin 
extensive practice had amply afforded, it became evident 
that some radical change must be made in its arrangement, 
to enable it to meet the exigencies of the case. 

In this emergency the arch, heretofore condemned in the 
Burr Truss, was again resorted to ; for it had been provfit, 
from the experience which its use in that truss had afforded, 
that an arch of sufficient size, abutting against permanent 
masonry, would place the truss in a posidon of secondary 
importance. 

It will be observed that the arch of the Burr Bridge, 

Fig. 86, abuts upon the masonry in precisely the same 

I manner as the arch of what is denominated the Improved 

' FIk. 87, 




Motoe Truss, Fie. 87, and the difference between the two 
consists simply in the mode of connexion with the truss, 
and not in any change of principle or method of action. 

It will be seen that the Burr arch is securely fastened to 
the posts and braces of the truss, forming a solid adjust- 
able mass. In Fig, S7 the arches are not fastened to the 
braces or rods, but have an iiidepen>lent cxinnexion with 
the lower chord of the truss, by means of rods radiating 
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from the former to the latter. By this method it was sup- 
posed that any desirable adjustment could be effected, and 
that the strain could be put upon either Byatem, or equally 
upon each. 

This new arrangement, although plaoaible in theory, is 
found impossible in practice, for tne following reasons : 

1st. The rods from the arch to the lower chord are of 
various lengths, consequently the contractions and expan- 
sions must vary proportionately. 

2nd. Not a single rod in the arch b of the same length 
as those in the truss, hence the expansion and contraction 
of the rods in the truss will vaiy from that in each, and all 
the rods connecting the arch with the lower chord. 

3rd. This combination is exceedingly hable to maltreats 
ment from the careless or ignorant. 

4th. And even if it were everything in practice that la 
claimed for it in theory (which is not the fact), it involves 
a constant expenditure for adjustment, which mustcontinue 
during the existence of the bridge itself. 

The Burr Truss, Fig. 86, with all its defects, can be made 
Muperior by far to the Improved Howe Trust, Fig. 87. For, 
in the former, there may sometimes be a yielding and com- 
pression between the parts of the truss and those of the 
arch, producing a certain degree of united action ; while 
in the Howe Truss everything depends upon the length of 
the rods, which must always change with the temperature, 
and thus render an approach even to perfect adjustment a 
matter of extreme delicacy. 

But in either Fig. 86 or Fig. 87, it is clearly, evident 
that, in order to have a. structure absolutely safe, the arch 
and the truss — each of itself, independently of the other — 
should be of sufficient strength to sustain the whole load, 
that the strain may be borne alternately hy each separate 
system. 

In order to simplify and make clear the real points of 
difference existing in the combinations of the various plans 
of trusses of the same general outline, it may be stated 
that the material composing tmy bridge Irues, whether of 
wood or iron, or of both, is subjected either to teruitin or 
and it is upon the proper application of these ele- 
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[ ments, together with a judicious distribution of the mate- 
rial, rather than upon any difference in detail that the 
perfection of any bridge structure depends ; this may be 
illustrated by reference to Fif^s. 88, 89, and 90. 




Fig. 88 is tiie truss of the Burr Bridge ; in this the 
I npper chord and braces are acted upon by thrust, and the 
lower chord and posts by tension. 

Fig. 89 is the Howe Truss, without the counter braces; 
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in this also the upper chord and braces are subjected 
thrust, and the lower chord and vertical rods are -* 
upon by tension. 



?cted ta ^1 
e acted ■ 




Fig. 90 is a plan of truss sometimes used, the counter 
rods being omitted ; in this the upper chord and vertical ■ 
struts are subjected to thrusts, ana the lower chords and 
diajronal rods arc acted upon by tension. 
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Upon a comparison of these plans it will bo discoveivd 
tliat the variations between the Burr Truss, Fig. 88, and 
the Howe Truss, Fig, 89, consists in the use nf vertical 
rods and bearing blocks in the latter, instead of vortical 
posts in the former, both having precisely the same duty to 
perform. 

It will also bo seen that Fig. 90 varies from Fig. 89, in 
that the rods are placed diagonally instead of vertically, 
changing the element of thrust from the diagonal braces 
in tlie latter to the vertical struts in the romier, and 
transferring the element of tension from the vertical to the 
diagonal line. 

Much importance ia sometimes attached to just such 
modifications in detail as exist in Figs, 88, 89, 90, while 
the nature and iutenetli/ of Uie desiToyitig forces are the same 
and eqtial in each. 

This has been proved by actual experiment, bv the cele- 
brated ennneer and bridge builder, D. C, McCallum, as 
follows : Models were buut, one on each plan, of equal 
length and height of trusses, containing tlic same sectional 
area and land of material in chords and braces, and of 
equal perfection in details and workmanship, when it was 
found that the real difference in strength was unappre- 
ciable, and it may be well to add, that any given amount 
placed upon each, in progress of the experiments, presented 
precisely the same characteristics and contortions in shape, 
until final failure took place. 

All bridges having their chords parallel, irrespective of 
the particular method adopted in combining tiiem, and 
regaraless of the amount of material used in their con- 
struction, when loaded to nearly the point of fracture, 
present somewhat the same appearance, the greatest deflec- 
tion beinff invanahly at points near the abutments. This 
will be understood by the statement, that the vertical strain 
is increased, as the distance from the centre, to the ends of 
the truss ; at the centre the vertical strain is nothing, and 
at each end of the truss it is equal to one-half the weight of 
, the structure and its load. 

o2 
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In point of strenirth, the arrangements, Figs. 88, 89, 90, 
are not su])erior to tlie simple combination, I'ig. 91. 




All briiiges having their chords uarallel exhibit the 
same uniformity of action, and may be illustrated by re- 
ference to Fig. 92, in which A A is the upper chord; B B, 
the lower chord ; C, tension rods ; D D, braces. 

When a sufficient weight is applied to an^ truss of this 
outline, to cause deflw:tion below the straight line, the 
upper ends of the braces, D D, are made to approach each 
other, and the distance between the ends is diminished, and 
Rf the deflection increases, the upper ends of the braces, 
D D, will describe arcs, a ft, of a circle downteardi, the radius 
of which being the length of the braces, D D, But when 




the upper chorii is arclioii, as in Fi^. 9o, a sufficient weight 
will cause the braces, D D, to describe an arc upwards, re- 
presented by c d, Fig. 93. When the chord, c e, becomes 
L ffnu^Al^ the arc will then be described downwards, as 
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shown in Fig. 92. As an illustration of the McCallum 
Inflexible Arched Trust, see Fig. 94, in which A A is lower 
chord ; B B, upper cliord ; C C, tension rods ; D D, 
braces ; E E, struts ; and W, wei,tjht 




Upon an inspection of this figure, it will be seen that 
any deflection produced upon the centre of the arch, by 
means of the weight W, will cause the points B B to sepa- 
rate, by thrusting outteard, and in the direction of the ends 
of the truss, producing an upward movement of the upper 
chord, at the ends of the braces D D, the latter describing 
ares of a circle upward, and from thence will be communi- 
cated, by means of the tension rods C C, to the centre of 
the lower chord, raising the latter at the point where the 
rods, C C, meet. 

By removing the weight W, and inserting a vertical 
Btrut at F, the upward movement of the chorda will be 
arrested by t!ie weight W. This peculiar action may be 
described as follows : 
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Any deflection produced in the centre of the arch will 

jse an outward and, consequently, an tipward force at 
the upper ends of the braces, which, dy means of the tension 
rods and strut, is transferred directly back to the under 
side of the arch, producing an upward force at the latter 
point, equal to the original downward force applied on top 
of the same. 

Tliis combination of forces is in agreement with a well- 
known law, namely, when two forces of equal powers of 
resistance are opposed to each other, a state of rest is pro- 
duced. 

For a further illustration of the action of this tnus, see 
Fig. 95, in which A A are pieces of the lower chord, the 
centre being removed ; B B, upper chord, deflected bv the 
weight W. C C are braces which pass through the lower 
chord and rest upon tlie masonry. D D are tension rods. 
It will be seen that the ends of the pieces of lower chord at 




E E are raised considerably above a horizontal line. This 
upwai-d tendency will continue until the upper chord be- 
tween B B is deflected below a straight fine, when the 
action will be reversed. 
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Fig, 96 exhibita the forces at a state of rest, in which 
A A are portions of the lower chord j B B, upper chord ; 
C C, arch oraces, which paas through the lower chord, and 
rest in the masonry ; D D, tension rods ; E £, braces ; 
W, weighL 

It will be seen that the strain produced by the weight 
W is transferred to the lower chord by means of thrust 
upon the braces E E, to the points F F, and, by means of 
tension on the rods D D, to the points B B, and from 
thence it is brought upon the arch braces C C, which rest 
upon the masonry. 

In this manner, a perfect equilibrium of forces is effected, 
as it is evident that the point G cannot change position, 
unless the points B B arc thrust outward towards the ends 
of the truss, which must raise these points, this being pre- 
vented by the strain upon the points F F, communicated 
by the weight W, through the braces E E. 

For a fml plan of McCalliim's Inflexible Arched Truss, 
the reader is referred to Fig. 97. Upon inspection, it will 
be observed that the sustaining principle is very much in- 
creased toward the ends of the truss, not only by the ad- 
dition to the amount of material at these points, but it wilt 
be seen also that the panels become shorter as the vertical 
strain increases. The posts are placed upon lines radiat- 
ing with the arch ; the braces form equal angles with the 
posts; and in this way the latter are made to approach 
more nearly together toward the ends of the truss. 

The student has already had sufficient evidence of the 
great strength of this form of truss, and it has also been 
shown that the tensile strain upon the lower chord is much 
less than in any other known plan. In fact, the latter may 
be entirtljf severed, and the structure will still be competent 
to sustain a heavy load. In this, it difiers from all other 
combinations. 

Upon referring to Fig. 97, which represents a clear 
span of 180 feet, it will be seen that the arch braces which 
rest upon the abutments are extended to points on the arch 
about forty-seven feet from the abutments. From the top 
of each set of arch braces, running diagonallif on. «&(^«va& 
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of the truss, are placed heavy suspension rods, which are 
connected with the lower chords 12 feet further from the 
masoniy. Thus the bridge seat is substantially transferred 
to a point 47 feet towards the centre of the bridge, re- 
ducing a span of 180 to 86 feet, so far as the lentil Mtrain 
upon the lower chord is concerned. 

For this intermediate space of 86 feet, the arch beam 
is of sufficient strength to sustain the whole load, if re- 
quired. 

Strength, however, is not all that is required, for a rail- 
road bndge especially, subject as it is to a moving load; 



PIUCTIOAL MECHANICS, 201 

there must also be rigidity, tiiffne$», freedom from vibration. 
A bridge may be strong vet flexible, ripd yet weak ; in 
fact, flexibility is incompatible with durability ; the structure 
Bhonld be prepared at all times to receive its load, and 
should not be permitted to change shape in the slightest d^ 
gree by its passage over it. 

To produce this rusult, an effective system of counter 
braces ia indispensable. 

The proper office of counter braces is frequently mis- 
understood, as is evident from the manner of their applica- 
tion in many cases in which they are used as check braoea 
only, harine a negative rather tiian a positire action ; this 
may be readily shown. When the loafl is applied, the truss 
is deflected in consequence of the yielding of the braces ; 
this has tlie effect of shortemng the diagonals in the direc- 
tion of their length, while the diagonals in the direction of 
the counter braces are correspondingly lengthened; this will 
leave a space between the ends of tlie latter, and the bear- 
ing block in the lower chord. 

When the truss is in this condition, if wedges are in- 
serted between the ends of tlie counter braces and the 
lower chord, in such a manner as to fill up the whole space, 
it is evident that the weight may be removed without at all 
affecting the shape of trie truss, the deflection ori^nally 
produced by the weight being maintained by the counter 
braces, the strain upon the sustaining braces and other 
portions of the truss remaining precisely the same as when 
the weight was suspended. 

Now suppose the original weight to have been 200 tons, 
it is e\-ident that, as soon as it is removed, each counter 
brace will be subjected to an upward thrust, easily found 
from its position ; the sum of aA the thrusts making 2(H) 
tons. 

Now let there be a smaller load applierl, this load will 
not produce any additional strain upon any portion of the 
truss, nor will the deflection be increased in the slightest 
degree; the only effect produced by suspending the latter 
weight will be tne relief of the counter braces, equal to tlie 
difference between the tirst and second weights. 
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The inventor has found it veiy difficalt to explain thi* 
clearly in the course of conversation with some individuals, 
from the fact that wtight and strain were confounded. 
Now it is true, when the original weight was applied of 200 
tons, the abutments were loaded witn just 200 tons more 
than previously, and the truss was also loaded with ten tons 
more ; but when the wedges were driven, and the weight 
removed, while the abutments were relieved of 200 tons 
pressure, the trass still retained the original strain pro- 
duced, the weight beine required to produce tJie strmn, the 
latter remaining after the former has been removed. 

In order to make a practical application of the above, the 
following method of adjusting the InjUxible Arched Truaa 
is submitted. When these bridges are raised, it is usual to 
load them with a train of locomotive engines, attached 
closely to each other, and that greater weight may be ob- 
t^ned, the tenders are sometimes detached, and the bridge 
covered with engines only ; with this load, the latter is 
strained down to a perfect bearing in all its parts ; by this 
means the whole structure is more or less deflected, while 
the counter braces are hanging loosely in their places ; if, 
therefore, when the bridge is in this condition with its load, 
tfie counter braces could be lengthened with considerable 
force, it would not recover its onginal shape upon removal 
of the load, but would he held down by the action of the 
counter braces to very nearly the same position as when 
loaded. In tliis plan of bridge, the lower ends of the 
counter braces rest in iron gtirrupg, which are attached to 
the vertical ties or posts at a point near the lower chord 
by means of castings and nuts, by which they may be 
lengthGned several inches ; in this manner they are made to 
perform a positive duty. When the bridge is adjusted as 
above, it Is clear that a less load than that originally ap- 
plied cannot produce any deflection whatever; the only 
effect of the passage of a train over it will be to relieve the 
counter braces, and will not add a pound pressure upon any 
timber of the trusses. 

In tlie arrangement of any bridge truss the attainment 
of the following requisites is desirable : 



I 



PCACTICAI. MECHANICS. 

Firat. Such eqaillbrium of forces as will prodace oni- 
fomiity of action. 

Second. Such quantity and distribution of matfirial aa 
will ensure a large gurpiua of sustaining principle, lAerebi/ 
guarding the structure againtt accident. 

Third. Perfect rigidity, that the combination in all ita 
parts may have permanency equal to the durability of tii« 
material componng the tame. 

Fourth. The arrangement of the parts should be such as 
to be free, if possible, from the necestity of adjustment. 

The McCallum Inflexible Arclied Tru$t meets all these 
requirements. 



Let it be required to find the equal weights w, w, Fig. 
98, kept in a state of rest by a single weight, W, which has 
caused the arc y C a to assume the chord pt)b, the rigidity 
of the arc being neglected. 

Let R=the radius of the arc qG a, and put 2c=ita 
length ; then the chord q a and versine C D are readily 
calculated. 

Let the chord q a=2 d, and C D=2 e. 
Let/=A5=Ap=Ba=BJand 

Also, let AB = 2 A 



2A-2c = AB-pi. 
f uttitig f for the angle b^n=p &.», 



#-* = KigleaB6 = BBm=*Ar. 
.-. m n=g sin. (^— flj. 




I 

f 



Then, according t« tlic principle of work, 



a Bin («-fl) 

Let AB=2A=188ft.; the length of the »re y C a=the 
Btraightline7)Di=2C=196ft.; K=200a.; mB=?=60ft; 
fiB=/=50ft. 

It will be found that the arc qCa before being disturbed coD' 
tains 38° 57' 40"; the Tereine Qf this »rc= 11149 ft. ~ 
chord=13339576ft. = 2d. 



the 



-=-54G0424=co9.66°54' 15"; (tf). 

£.=■5200000=008.58° 40' 4"; (#). 

.-. *-*=l° 45' 49". 
« _ 5-7245 _„,„, 



g Bin. {^— *) - 



sin. (1°45'49"} 
e than 3 tiince W. 



Conseqaently, the weight W before redaciag the arc qCalo the 
strught Hue p D 6 it maBt raise more than six times its own 
weight if posited at » and n. 
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DESCRIPTION OP AN IRON BRIDOE, IN WHICH THE rORCE^ 
ABB W£LL COMBINSD TO MEET THE DEHANDa I 
RAILWAY TBAFFIC. 

The bridge we now propose to describe w one beloi ^ 
to a aystem of bridge-building introduced by Wendi 
BoUman; il was erected at Harper's Ferry, U.S., 
practical working of which was carefully observed by 
author of the present work. This iron suBpension trussed 
bridge was 124 ft. between the abutments. The length of 
the cast iron in the stretcher was 128 ft. The weight of the 
cast iron, 65,137 lbs. ; weight of wrought iron, 33,527 lbs. 
making the total weight of cast and wrought iron, 98,6641b8 

Fig. 1)9 is an elevation of part of the side, showing one 
pier and part of the cast-iron stretclier. The cap is 
moved from the pier to show how the rods are secured. 
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Fig, 100 is an elevation of a pier and four panels out 
if eight of which the bridge is composed. The system oj 
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Brntn^ng the braces and coitncctiiig rods is exhibited i 
this tigure. 



Fig. 101 is cross section, showing the floor bracing aiid 
the position of the rails. Fig. lUl also shows, in section, 
the roof and posts. 
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. 102 shows a plan of the fl<ioring of the bridge, th« 
tions of the lails and floor bracing. 
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Fig. 103 shows two poats, part of the stretcher, and tlia 
diagonal rods in one of the paneb. 
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^M The wrought iron requires little workmanship, the rod* 
^P from the centre to abutments having but an eye at one and 
^ a screw at the other end; with a weld or two between, 
according to length. The long counter rods have two 
knuckles and one swivel for adjustment of stnun, aad con- 
venience in welding, as well as in raising the whole. 

The cast-iron stretcher is octagonal without, circular 
within, and averages one inch of metal. It is cast in 
lengths according to the length of panel, and jointed in the 

I simplest manner ; — at one end of each length is a tenon, at 
the other a socket. The latter is bored out, and the tenon 
and its shoulder turned oS in a lathe to fit the socket; 
thus, when thoroughly joined, to form one continuous pipe 
between abutments. The ends of the sections of cylin- 
ders, inserted to those contiguous, are slightly rounded, to 
allow a small angular movement without risk of joint 
fracture. 

A cast-iron plate or washer sets on a bracket cast with 
each abutment end of stretcher, and at right angles to the 
centre acting rods. The tension bars are passed through 
this washer to receive a screw nut for the erection and ad- 
justment of the system. 

Tlie stretcher or straining beam, the vertical posts, and 
susjiension bars compose the essential features of the bridge ; 
each post being hung by two bars from both ends of the 
stretcher independently of all the others; and each post 
and pair of tension bars forming with the stretcher a sepa- 
rate truss. 

This system, perfect in itself, is additionally connected 
by diagonal rods in eachpanel ; also by light hollow cast- 
ings, acting as struts. Ilie diagonal side rods might be 
safely dispensed with ; for the peculiar merit of the truss is 
its perfect independence of such provision. They are there- 
fore used as a safeguard only in case of the fracture of any 
I of the principal suspension rods. 
By this combination of cast and wrought iron, the former 
is in a state of compression, the latter m that of tension ; 
the proper condition of the two metals. It unites the 
principles of the Suspension aad of the Truss Bridges. 
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Each bar performs its own part in supporting the load in 
proportion to its distance from the abutment; ao that the 
entire series of suspending rods transmits the same tension 
to the points of support as would be equally transmitted 
from thence to the centre of the bridge. 

This bridge, it will be seen, is composed of seven inde- 
pendent trusses, which transfer the weight concentrated on 
each flooi^beam directly to the abutments, without aid from 
any other connexion ; and not from panel to panel aa in 
general nse. 

The strain on cast and wrought iron is wholly in direct 
line ; and the result, the least quantity of metal is required 
to carry a given weight The weight of bridge and load 
has a vertical pressure on the piers, towers, &c., the only 
horizontal thrust being from the expansion of iron, whidi 
is accommodated by rollers, shding on abutment bracket 
over its pedestal, or by other means ; the necessaiy dimen- 
nous of masonry may therefore be most moderate. 

It is evident, from an inspection of the cuts, that no 
ehord is requisite at the bottom of the truss to resist ten- 
non ; the only advantage of that employed is to regulate 
the movement produced by expansion, in the performance 
of which agency the resistance is one to compression. 

Althougu the abutment bracket casting and its pedestal 
were so constructed as to admit of accommodation to ex- 
pansion, by rollers, yet such contrivance was omitted with 
the view of fully testing the effect of greatest expansion 
throughont the system. 

This bridge was inspected by the writer, ten months after 
it was erected at Harper'a Ferry ; during which time it had 
been exposed to extremes of cold and heat, and to an 
average run of twenty trains daily. 

From the closest inspection, we Snd that the extreme 
expansion measure^ as near as possible, five-sixteenths of 
an inch on each tower, or five-eighths in the entire length, 
128 feet of stretcher; and without the slightest percep- 
tible derangement of masonry ; the dimensions of wtuch are 
.4 feet square of base, 12 feet high, and 2 feet 9 Inches at 
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While on the subject of expansion, it may be well to 
notice the effect from difference in expansion of the rorls. 
At the first point of suspension, or where the longest and 
shortest rods meet, the counter rod is about four ana a half 
times longer than the acting rod ; and the expansion of 
the counter is four and a holt times that of the acting rod. 
But there is also a proportionate difference in tlie lengths 
of stretcher from the point directly over the centre of con- 
nexion to the extremities of tUeae rods. This has been 
practically proved in this bridge, 

The suspender bolt, when the expansion is extreme or 
five-eighths of an inch in length of stretcher, exhibits a 
motive difference of three-sixteenths toward the short or 
acting rod; which difference is provided for, as seen by 
slot-lotted in Elevation, where the vertical suspender bolt 
moves to accommodate any such difference, and to give 
that proportion of weight to each rod according to the ancle. 

It affords easy access for repairs ; for instance, should a 
new floor beam be required, it is but needed to slacken the 
horizontal rod and the keys in longitudinal strut, remove 
the washer under point of suspension, and let down the 
beam to be replaced : which can be done without trestling 
up any part of the bridge. 

In case of fire, the floor may be entirely consumed with- 
out any injury to the side truss. 

The permanent principle in bridge building, sustained 
throughout this mode of structure, and in which there ia 
such gain in competition with every other, namely, the 
direct transfer of weight to the abutments, renders the 
calculation simple, the expense certain, and facilitates the 
erection of secure, economical, and durable structures. 

TWai viade on tlie \st day of June, 1852, to prove the 
capability of this Bridge. 
Three first-class tonnage engines, with three tenders, 
were first carefully weighed, and then run upon the bridge, 
at the same time nearly covering its whole length, and 
weighing in the aggregate 273,550 lbs., or 136^J|f tons 
nett, being over a ton for each foot in length of the bridge. 
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^P This burden was tried at about eight miles per hour, and 
^* the deflections, according to gauges properly set and reli- 
able in their action, were at centre post, If", and at the 
first post from abutment nine-six tee ntlis of an inch. 

From this test it is found that the load did not cover 

the entire length of bridge by about 13 feet, yet tlie excess 

of weight in tiie middle, and at a sneed of about eight 

miles per hour, produced no greater aeflection than 1| of 

^— an incn at tlie centre post, and nine-sixteenths of an inch 

^^ at the first point from abutment. 

^M Before proceeding further, it Is necessary to point out 

^V some serious mistaltes made by experimenters and writers 

on the strength of materials. When discussing the strength 

of girders resting on supports, the author of the present 

■work, in his new theoir of the strength of materials, first 

pointed out the fallacies involved through introducing an 

^L imaginary Hne, termed the neutral axis, and merely inves- 

^H tigating upright laminie of the material. We do not pro- 

^M pose to discuss this subject thoroughly here, but to show 

^H the student how errors may be involved when the strength 

^M of girders is considered with respect to forces supposed to 

^m act only in parallel upright planes. 

H If a beam, Q It, Fig. 104, rests loosely on two supports, 
^m A and B, and la loaded in the middle with a weight, W, 
^M which deflects it ; before tlie weight is placed on the beam 
^P ab=p-]=cd; and e f=rs = nvt; but when the beam is 

Fiif 11' 1 
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deflected by W, pq ia greater than a 6 or erf, and rtia 
less than either ef or m n. Before the beam is loaded it 
is supposed to be rectangular ; in most cases this change of 
form may be detected by experiment. Although the 
nature of the material and amount of pressure may render 
this change of form imperceptible, yet these forces acting 
across the girder, in the directions of p y, )• », are in opera- 
tion, loosening bolts, buckling and puckering upright 
sheets, and so on. This action should be carefuDy at- 
tended to by engineers in constructing girders, whether 
solid, hollow, or composed of skeleton frames. 

The material at r « is wire-drawn and compressed, while 
B.tpq the material becomes upset, extended, and loosened, 
according to the elastic limit and nature of the girder. 
The current erroneous theory of the strength of materials 
supposes, when the beam is bent by a weight, W, the 
fibres are compressed at p*^ and extended at r«, without 
alteration of breadth; itiat is p </ rem!uns= a b or c d, and 
Biso=rs or ef. When Robert Stephenson was erecting 
the Menai tubular bridge in Wales, the author of the pre- 
sent work, Oliver Byrne, published an outline of his new 
theorj- of the strength of materials in the Civil Engineer 
a7id ArehitecW Journal, and explained his views to Mr. 
Stephenson, who directed the author to observe his (Ste- 
phenson's) final experiment on a model of the bridge, one- 
sixth the full size. Fairbaim and other engineers were 
present. The direction of the fracture depends on the 
molecular action of the material of wliicli the girder is 
formed. A portion of the body will often be forced out 
near the line p q ; but when the substance supporting the 
weight is tough, the separation may take place irregmarly 
and diagonally, witli a sliding cutting motion, and not 
directly through the plane p q r i, in the middle. (See 
Bkidoe, Spons' Dictionary of Engineering.) 
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Half the suspended beam, Fig. 105, gives a clear repre- 
sentatioQ of most of the particulara of this mode of con- 
struction, the practical application of which depends on 
the connectiug bolts filling their respeptive holes without 
play. After these bolts are posited with mathematical 
accuracy, it is also required that neither bolta nor holes 




afterwards wear much. The inventor proposes plans to 
surmount these and other engineering difficulties, in a 
book by his friend Glaus Henrici, entitled " Skeleton 
Structures, especially in their Application to the Building 
of Steel and Iron Bridges." 

In the diagram of forces, Fig 105, O H, is parallel and 
H, D| perpendicular to H H ; tlie diagonal braces, D, D, D 
meet in a point Q ; T„ T„ T, . . . are parailel to T, T, T, 
. . . respectively; and D,, D„ D,, . . ■ are drawn parallel 
to D, D, D, . . . respectively. The construction of this 
diagram will show how the forces act in magnitude antl 
direction, and may be measured on a scale of equal parts, 
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or found by calcalation, when the inclinations of the bars 
nre given. But, as the triangles standing on H, Hi are 
ri^lit-angled triangles, Mr. Henrici employs the following 
ni<;th<)iJ uf estttnAting the comiiarative forces: 

fig. 106. In the structure, Fig. 106, A C 

and B U represent bars which are 
ci.>nMe(ted at A and B by bolts to 
.1 wall piece, and at C by bolt to 
i>:ii-li other. A weight P acts on 
tilt." bolt C, and we want to ascertain 
tlic- strain in tlje two bars. Firstly, 
WIS have to anply two rectangular 
axes tiirough C, and because A C is 
iiorizontal, and P vertical, we take 
lliose dinx^tions as the axes. The 
stmin in the bar B C we call S, and 
the one in A C, T. If S is reaolved 
.ui'diiig to tlie axes, into its components, we find 

in the direction of C X : S ^-7^1 



" C Y : 8 g-^- 

The two other forces act in the direction of the axes ; 
hence we get 

in tlie diriK:tioii of C X : 8 A^ + T, 

where P is subtracted, because it acts contrary to the strain 
S. Both components must disappear ; we have therefore : 



From these equations we see that 
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AC 

AB- 



which shows, that in the bar B C there is tenai m and in 
A compression, because T is negative. 

In tills example we Jiad only one connexion-point ; we 
Bhall take, therefore, a more complicated example by join- 
ing more bars to those, and thus we get a structure like 
the one presented in Fig. 107, of whicli we shall proceed 

Fig. 107. 

I to calculate the strains. We will call here the connexion- 
points 0, 1, 2, 3, &c,, and the bars will be represented by 
two figures (01), (12), &c,; the lengths of the bars we 
call r with the respective figures, ru, &c., and the strains 
likewise, Su, &c. We take now 




■■+(t)' = »-(^-^h) 



■»-+(t )-«■(' -re) 



By this all bars are determined in length and position, 
and we can proceed to resolve the forces. For axes wb 
always take one horizontal and one vertical line, and be- 
cause we have three free connexion-points, 1, 2, and 4, wa 
can form six equations, by which we are able to ascert^n 
all the six strains at once. Fm- point 2 we have the same 
equations as in the previous example, by introducing 
S„ instead of S ; and Sn instead of T ; as likewise ru, »'hj 
and r„ instead of A B, A C, and B ; and we get 





6„ = - ^ . P.; 


■ by introducing the values of r : 


s.. = I P„ 


8„ = -|P.. 


Looking at point 4, we get: 


8u iMolved into 8„ . ^ and 8,4 . ^, 
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8„ resolved into Sj, . ^ and S„ . ^-— ' 
»■» •■« 

8,4 „ „ „ 8,4. 

By adding these, we get 2 equations : 

8m ^ - S„ ^ = 0, 

8,. li* - 8„ rsi^llii. + 8u = 0. 
The first equation will give 

''oi ''u 

it because 

B„ = 5p, and !^ . !il -'^^' 



"■oi 



ru 



Bu 



From the other equation follows 

S,. = -|P., 

We have still to ascertain the strains Soi "id S,j, which 1 
we are able to do by the equations of point (1), after haviug 1 
altered them in the same way : 

So, + '■"-' . 8,, - S,, = 0, 
8» + ^" . 8„ = P.. 

By which, in connexion with the above equations, we I 
find: ' 

+,3 = ^iPi - ~^r P.. 

6« = -P.-i|P.- 
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It will be clearly understootl Iiow these calculations are 
irricd on. Tuking a structure like that in Fig. 108, tlie 




calculatitins are done in the same way ; one strain is calcu- 

Uted after tiie otiicr without difficulty. 
I I will mention here at once, that the same calculation 
I eiui bo used for a trussed structure, as in Fig. 109 ; the 




structure is exactly the reverse of Fig. 108, and it is not 
necessary to alter the formula.! ; for as all the Ps act here 
in the contrary direction, all the signs will be reversed. 
All tlie strains, therefore, will be the reverse of those in 
. Fig. 108 ; where there was tension in a bar there is now 
laion; and where there was compression, tension. 
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' CHAIN AND SUSPENSION BRIDGES. 

Suppose a perfectly flexible chain or cord of uniform 
density and tluckneas to be suspended from two fixed 
points, A and B, Fig. 110, and when in equilibriom to 
forni the curve A O B; this curve is termed llie Catenary. 
The equalions of this curve, of ao mnrli importance in 
mechanics, being of a mixed exponential kind, mathema- 
ticians were obliged to resort to guessing and all sorts of 
dodges, to obtain resnhs which were often very far from 
the truth. The results here referred to can now be ob- 
tained with the groatpst ease by direct processes of the 
dmil calculus, in an endless variety of ways, without the 
use of tables. It maybe necessary to inform the reader, 
that here, as elsewhere, we accommodate those inex* 

ferienced in such inquiries with solutioua under simple 
orms easily intelligible. 
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PHOPOBITIOS. 
To find ihe Equations of the CaUnary Curve. 

Let O be the lowest point of the chain or cord A O B, 
Fig. 110, O M = r; M r=y; and the length of the arc 
O r=s. Again, let e be the length of a portion of the 
chain, the weight of which is equal to the tension at O, 
K we suppose the part O r rigid, after it has assumed the 
form of equiHbrium, it will evidently be supported in the 
same manner, and the tensions at O and p q r will be the 
same as when it swung loosely suspended from the pointa 
A, B. Op^r is therefore kept at rest by three forces, 
namely, the tension at O acting in tlie direction of the 
tangent O Y, the tension at the point pqr, acting in the 
direction of p q T, the tangent to the curve at the point 
pqT, and the weight of the piece of cord or chfun O r, 
acting in a vertical direction. Because the three forces 
just described are respectively in the directions to the three 
sides of the triangle T p M, the forces being in equilibrium 
will be proportional to these sides. 

Hence, (Weight of O r) : (Tension at O) : : T M : M p. 
p qr represent a very small right-angled triangle, similar 
to the lai^er right-angled triangle T il p ; in the language 
of the dinerential calculus y r is represented by d x, rp by 
d y, and p qhy d a. Whence, v being put for a piece of 
cord or chain, the weight of which is equal the tension at 
O in the direction of the tangent O Y ; therefore, 
a : ; : dx : dy 



In every plane curve ((i*)*=(d3;)*+(dy)', and, conseqaently, 



la the catenary 



;=(' 



if _ y/t" + . 
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T&kiiig the integral of thia lut eqnftlioii, and obBerying that 
B=o when x=o, we obtain 

3:+t.= v/''' + s', or*»=*» + 2tP«; (I.) 

Wben V is determined, (I.) ia the equation of the calenar^ 
expressed bj x and $ ae Tariablea. 

Again, becaose -r— = - = — ,_. , which, being ic 

l^rated, gives ^ = log- '•'+»+s/^+^ "' 



:. €* 



%/^~^^r27 



(n.) 



€ being pat for the base of the hyperbolic sjatem of logaritjmu, 
(II.) is aa eqnation to the curve between the variable co-ordinates 
■ and y ; v being unknown, but constant. The dual logarithiD 

of e = 10», vrritten | ,(^)=101K)00000, 
€=2-718281828.... 

and squaring both sides of (IL), we 



TraoBpoeisg 
obtain 



I 

Ptarther, becanae, (L) «» = («+tt)»-i.», »nd^ =— H! 
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(IV.) IB Ml equation to the catenary between tlie Tariiblei 

I and y; it ib to be particularlj obserTcd that v ia unknown in 

(I.), {11), (III.), av.), but not variable. Suppose ( to be the 

length of a portion of the cord or chaiu which ie eqaol to the 

tension of Q, then O E = it, E Q = y, O Q = s, and 

t: 3 :: (iG:GE :: ds: dx 

:. ids = tdx. 

Dj(rereutiating(I.), or g' = i*+ S va^, gives «d« =xdx +vdx 

.'. ldx = xdx + vdx ; dividing bj da gives 

t=.x + v. 

Now, suppose the tension at Q to be balanced bj means of 

Q R, a portion of the chain passing over a pulley at Q and 

hanging freely ; then QR = i + '' = OE-J- p; conseqaently, 

FK = TD=OC = t>, eridently a constant quantity, although 

unknown. Hence, if the tension be supposed to be balanced by 

means of portions of the chain or flexible body hanging over 

pulleys at the points p 7 r, Q, A, the lower ends wilt be in the 

. same horizontal line, B, D, 0. 

Qiie». 63. A heavy flexible chain, each foot in length 
weiching 20 lbs., is suspended at its extremities to two 
fixea points, in the same iiorizontal line, 1 0<i*2 feet asunder, 
the greatest depth of the curve being 15'8 feet. It is 
required to find the length of the curve, the tension at 
the lowest part, and the t«nsions at the points of suspension, 
by direct calciilation, without the use of tables, or methods 
of approximation? 

In dual arithmetic we have three corresponding numbers, 
namely, natural number, dual number, and dual Togarithm ; 
any one of these corresponding numbers being given, the 
other two may be found by a few simple additions and sub- 
tractions. 

We have first to put equation (III.) in form to be operated 
upon by dual arithmetic. 
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I When y ia pnt = 1, lb may be represented c', x and y being 
l^both giTen to find tlie value of v. Hence (III) becomes 



^(-:) 



+ 2 =ev + 



... .^(i)* = eA- 4-, or, 



Potting ^ =i, the last becomes 



ov';=6.- 



(T.) 



Question the 63rd being the first of the kind solved by 
an independent and direct process, without employing 
tables or approximate methods of trial and error, it is there- 
fore necessary that we should be particular with respect to 

I details. 

■ The dual logarithm of 2 is the whole number 69314718, 

I written, 

\, f 2) = 69314718, . 

Tliis logarithm is of the ascending branch, marked by a 
comma on the right of the logarithm below, and imme- 
diately after the arrow. The dual logarithm of the reci- 

r procai of 2- or of i is represented by the same whole 

I number '69314718, and written, 



, (i)='6MU718. 





''.2,6, 
I- (10) = 



e--e^ = 
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If «= I l,0,O,O,0,O,O,O,then- = i'l 1.0.1,0,0,0,1.1 (9531018\ 
hiE'=l 2,0,0,0,0,0.0,0, „^=i '2 2,0,a,0,0,0,2,} (19062036*. 
„3fl=\ 3,0,0,0,0,0,0,0, „ ^= I -3 3,0,3,0,0.0,3, ; (28593054). 

i > (*)= I , (1-1)= 1 , 1,0,0,0,0,0,0,0, =9581018, ; 
I '( J-)= \ ,(jq)= i . '1 1,0,1,0.0,0,1, ='9531018 i &c 
These thingg being premised, we h&ve 



I 



1+ t ["i •••-(»- I [»', ■ - .)=2c*/j=2Vu, X (-yoaiUlS) : 

fnit aince u, is nearly equnl to u'„ in order to find a convenient 
fa\aB for u, the l&et eqostioa ms; be put under the form, 

^,2 ("^ =2c V"iX (09531018) 



rhich giTBB u,=(-29755 . . .) (100) (0953 . . .)=2-835 

itue 2-835 ... is less thui a conTenient value for u,, bat 

.greater than the corresponding Talne of u', ; consequently | S, is a 
convenient value for Vj. By pursuing a similar process of rea- 
Boning, c as far ae the fourth dual digit will be foand to be eqaal 

\ 3,0,3,4, Uj, ; the next step gives the four succeeding digits, 
and at the same time develops the general plan of operating on 
such equations ; besides, auy mistake that may be made in the 
, preceding operations will be detected. 



i , (1-33553107) = 1 , 3,0,3,4,0,0,0,0, t= 28932904, 
ReciproCBl, ■28932904= |,'2'7'8'2'5'1'6'5 = | , (-74876579). 
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Potting /, for the dnal logarithm of { 3,0,8,4, «,,... diyidod 
by 10*, or 

«i=-28932904 + -00001000 w, ; 

now equatioB (V.) becomes 

e'- -—-= 2c *'-2a932904+-00001000w,= 



20 V-28932904 ^'l+00003803us= 
( } 0,8,7,4,6,4,5,5,) V -28932904 (1+00001902 u,)= 
•58682320 (1+-00001902 Uj) 
•58S82|320 



g5=- fbecanse l+-00001902may'i 

!?„' -Jbe taken for the square). 

'"^5 (root of 1+-00003803. j 



•00001116 for -0001902 

:. 2cv/-28932904+-00001000uB = -58682820+-000011ieu, 

e''_~=l-33553107 (l + [t<,)---74876579(lt[!»'s. . .); 
e * * 

1-88553107 (1 1 [«» • ■ ■) may be pnt= 
1-38553107(1 + 00001000 Wj), 

and--74876579 (1 \ [«',) may be put = 

- -74876579(1 + -00001000 Uj) ; 
;. f" -^=-58675628+2'08429686 (-00001000 «,) 



.*. ■68676628+-00002084«j=-50682320+'00001116». 




I 



;. e=l-72777897 tme to the 

lutfignTe,ffheiiy=]; .-. vhen ji=53'l, t>=9I'745063ft. 

From (L), <•=* (x+2w)=158 (158+ 183-490126) 

.-. < = 56-n395 

.*. the length of the whole cture, Q O H, Rg. 110, a 112-2279 ft. 

«+f=107-545ft. 

TenBion at the lowest p8rt=91-745 x20=1834-91bB. 

TenaiDuG at pomta of saBpenBiou= 107-545 x 20=2150-9 lbs. 

Ques. G5. The length of a heavy flejtible chain A O B, 
Fig. 110, is just double the horizontal line A B, joining the 
points of suspension A and B ; required the pressure on 
these points and the tension at the lowest pomt O ; the 
distance of O from the horizontal line A B is also re- 
qoiredt 

If AX=1, the length of half the corre, oi A Q 0,s2, and 
■ (IV.), I 



: Jl r~ i 1 \ ! and nuttiiig «= _ 

2\^° 1 J f 



When«=2' the daal logarithm off' is nearlj=;the daal log. 
ofS'j 42=8- also. It maybe rpmarked here that, in operating 
with the dnal calcalas, we may take daal digits much greater or 
much lees than any particular one pointed out, and yet obtain, 
without tentative artifices, a result as near the truth as we please. 
Since this method gives the same result as near the truth as we 
please, by several direct processes, it presents a series of (Urect 
operadona, aad not a succesBion of apptox.iiii&\A \.ne!^ 
42 
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|(7-38905604)=200000D0O,uidJ,(-13533528)='20O0O0OO0; 
oonseqaeotl; we may aaBimifl 

7-38905604 (1 + [w, . .)--13533528(I f [«', . .)= 

4(2-00000000 + -0953I018u,); (A) 
200000000, is increased by 95S10I8, for ercry oikit in u, ; and 
200000000 by -09531018. 
To find ft conrenient Talae for tij, (A) m&j become 

7-25872076+7-52439132^=8-00000000+-38124072»i 

.-. -37119841 «,=-74627924 

.'. u,= + 2or|2, 

In practice, one tenth of the fignrca here employed would not b« 

reqnired to find that I 2, is a convenient valne for %. This may 

be too great, bat that is of no conseqnence, as tbe oest digit 

may be negatire to compeosate for the excess in taking v^= I 2, 

B0000OOOO, + 19062036,= \ , (8-94075744) and '219062036 = 

1,(11184734). 

To find a convenient value of u,, the equation now takes 
the form. 



8-9G075744 (1 + [u, . .)--11184734 (1 1 [u, 

=4(2-19O62186+-00995033 «,); 
therefore we may put 

8-828910IO + 9'05260478,-^=8-7G248144 + -03980132 



.-. «„= - 1- or = i 0, '1. 
For every unit in u„ we employ 995033, and -00995033 
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for every nnit in 'uj we employ '1005034 and —'0 
Bee " The Yoong Daal ArithemeticiaJi," pp. 82, 99. 
219062036, 

218057002,= \ , (8-85134984) ; 

■ '218057002* 1 , (-112977175) 

■ .-. 8-85134984 (1 ^ [«»)--11297718(l \ [uj . .)= 

4(2-18057002+ -00099950 u,. 

This gives »»= —3 or \ '0 '0 '3 
This process beiog continaed gives <=2 \ 2, 'I '3 '3 5, 0, 5, 2, 

thelogof e'ia 217731902, fori ,2,'1'3'3 5,0,5,2, pntting B 
for the base 1.00000001, then B'""'"'= 6""""". 

The reciprocal of 2-17731902=-45928042=i;, the length of 
chain, which is=tetistoii at 0. 

But as i»+2 x=3» ; a:=l-592779=XO. 

3;+ti=2'052059=the length of the chun that amomits to the 
tension at A and B. 

Quee. 66. Given the length of a heavy flexible chain 
R Q O H N= U30 ft. (2fl), Fig. 110; this chtdn hangs 
freely over two pulleys Q, H in the same horizontal line 
Q 1^=226 ft. (2t) ; required the position in which it will 
rest, the length of Q R, and the length of chain that is equal 

tto the tension at 1 
Let Q E : Q R t : 1 : n or 6 : a : : 1 : n. 
It is evident that when the chain is in a state of rest, 
what in the foregoing questions was the pressure on the 
points of suspension Q, H, will be equal to the weight of 
either H N or of tiR=j;+ii, the parts hanging vertically. 
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■ From (in.). .+.= |. (gV,. 1 ) 

I 

■ From (IV.). >=y-(e-- J.^ ) | 
I Whe: 

i 



Whence, from addiDg these equations together, wo obtain 

J."=t.-^i,(e^)=|,--^i,6 



ori"= „■ or \=(l)' 

Taking the — root of both ddes of the last eqoatioa ' 
■ we obtain an equation easily Bolved by the Dual method. 

I . (ly =(J:)"=z', pnttdng afor- 

^^ Hence we h&ve the final cqnatioa 

■ .=(7)-,o"),«i,(ir=u,a). 

k 



Before the introduction of Dual Arithmetic, independi 
and direct solutions of equations of the above fonns c 
not be effected. 



I 

I 

B 
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I fl \='100O0OOOO i and i =:i =i ; 

.-. «i,/='20000OOO. 
'. 7=12 i 0,'62,5,6,8,8,3,= 078658307; .-.0= -3 9329 1535, 
flxud SB tt page 124. The value of <,=— , not attainable by 



any preriotsly known metboil, may be almost instantly obtained 
under a variety of fonna by the Daal calcnlos to any reqnired 
degree of ai^corocy. In the present case, 



«=i I 'O'G 2,5,6,8,3,3,1,7, ; *=~ \ 4,7,2,1,9,8,2,2,= 

■07865S307, &c. Under the last fonn all the dual digi 
podtiTO. 

i (-)='254264202 .-. | ^ (-^)=254264202, 



2-7132147; and hence- =2-542642M. 



havebefora shown that n=pgT •'• I I — t~ 
I r^) =254264202, and r f± ) ='2542 64202 ; 

WhBnoeB=-| (gl- Lj ) becomes fcnojra. 
€~' 

»=~ (12-7132147-078G58807) 

= r393291535x6-3172782)=2-48448448; 
BecaaB0ra:+w+s=n=5, .■. x=212222398. 
In these alculations, Q E = w b put= 1 : bat in the Ques- 
tion, QE=113 ft, ;» r . 1 
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.-. X = 289-81 13097 ft. = EO=QF;t= 280<4fi75 ft. = 
»To QO; anil i»=44141966 ft.=P R=0 C=the length of 
chain that is eqaal to the tcDsioD si 0. v+x=2S4S&i2Utt.= 
Q R=tlie tength corresponding to the tension at Q or H' 

Quei. 1)7. In the Chelsea Suspension Bridge, Thomas 
Fa^S Engineer, the central spaji between the piers is 
348 ft. with a deflection O X, Fig. 1 11, of 29 ft. ; sajipoainfi 
the entire weight of the chain A O B, when the veight ot 
the platform, roadway, and full load ia transmittal toit,ta 
be 1'5 tons fur each foot of its length, required tie strains 
at the highest points A and B, and the t«Qsiui at the 
lowest point O, as well aa the length of the catemiy carve 
passing through the points A, O, B 1 



S48 



29 _ 



*'*''-174- '*■='=<!* 
2 ' 174 6 

.-. 2e = -81649668. 

Whence, equation (V.), becomes 

■81649658^7 =^-~^2c'/t 
1 



M. 



t being put for — ; t) representing the length of the diua 
whose weight is eqnal to the tension at the lowest pant O. 

We propose to find the value of d nndor the form i u, U| ti| , , , 
To find a convenient value for ui, SEsame z= \ u„ tlen (a) giraa 

(if [w.,-0-(l|['«, . 0=2 cV/=2 0*/". xl)95S1018 

95S1018, being the doal of a logarithm of 1 1, orof each unit 
in u,. Since we arrive at the exact value of ^whether we 
assume u, too great or too small 



(1 + [ u,)-{l-[ u,=)+2^ may be pnt=2cV", 1 09531018 



^.='^(«. 



; 09531018) =-^( m, x ■09511018). 
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.*. The redpncal of «i, or 'w, may be pat= 
or «!,= i 1,7, 
\ , (1-17934889)= \ ,1,7,0,0,0,0,0,0, =16496249, 

Bedprocsl ='16496249= i ,'1'5'9'3T57'7= i ,(■84792554). 
It is euily found tbftt o, is the moBt ooDvenient ralne for h,, 
snce ne nuy pot in (a) t= \ l,7,0,iit, 



€*- ^=2c\'-16496249+-00010000u. 



=2cV16496249 (l+'OOOSOSlOuO 
=•33162478 (l+-00030310ut)i 
«*_ =^ may aIbo be pnt under tiie fonn 

1-17934889(1 1 [u*)— 84792554(1 \ ['u^ 

=(1-17934889) (1+-00010000 u,) 

-(-84792554) (l--00010000u,) 

=-33142385 + -00020373 a, 

.*. •38142335+-00020373u, = -33162478 (1 + -00080S10«4) 

= -33 162478+ -00010052 u, 

_ -00020143 _ 201 4S_ 



■00010052 19052 



-=1-9 



c hlbj be again pnt= \ l,7,0,l,9,us, when a greater degree 
V accuracy is required. 

i , (117957297)= \ ,1,7,0, 1,9, 0,0,0, =165 1524 9, 

Eeciprocal, ■16515249= i ,'1'5'9'5'3'6'2'1= | , (-84776406) 
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2cx/l6515249 + ■00000100u6= 


2cv/-16515249 (l + -00000803u,) 
=■38181570 (l+-00000303ue) 
.•. ■M180891+-OOO0WO3u(=-3318157O+-O00O01Ol«, 


■■ "' -00000102 102 ^^* 
.-. \, *=t,l,7,0,l,9.6.6,6,=ie615915, 


" *^ -g:iSinm-=(-81649658)v'' -16515915. 

To find the vahe of ^ in snch equations u (n), to any re- 
quired degree of accuracy, and by gnch direct, independent, 
and simple means, is, without donbt, a great mathematical 
achievement 

ft '=-^ •■■ r= 3-02738298 =three times the length of OC. 

^P' c+i>=8-ld40J964: and the length of the catenary ccrre 
pasHing through the pointe A, 0,='>/x'+2vx, (I.); 

/. the length of the curve A 0=101828555. But when 
AX=174 a., thent.=526-7646ft.; i+d=555-7646 ft.; and 
the length of the catenary curve paeBing through the points 
A, 0, B,=354'3G337 ft (5267646) x (1-5) = 790'1468 tons, the 
tension at the loweBt point in the direction of the tangent 
F, and represented by the lengths of the three lines C. 
(555-7646 x(l-5)=883-6469 tons, tie tension at the highest 
point A, but in the direction of the tangent AT ; this tension is 

line A F. The sectional area at the centre of the bridge 
=214 sq. inches, and the sectional area at A and B=230 sq. 
inches ; hence a freight of only 5 tons to the square inch gives a 
power at of 1070 tons, and at A and B a power to sostun a 
H lension of 1150 tons with ease. 
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CHAPTER Vm. 

PBB88UBB OF WATEK AND OTHER FLUIDS. 

Let L F B D, Fig. 112, be a vessel of any form what- 
ever, filled with water, a b any portion of the surface 
F K C B in contact witli the water, G the centre of 
gravity of ab, GS. the perpendicular depth of G below 
the surface of the water ; 

then if R G=10 ft., and the area of the Bnrface a ft=3 equaw feet, 
the lbs. pressure on this surface will be = 3xl0x 62*5= 
1875 Ihs. 
1875 lbs. is the weight of a column of water whose baae is 
the area a b, and perpendicular height the depth of the 
centre of gravity of ab. 

If the area of c e on the bottom of the ve3sel=5 square 
feet, and QGi = 14ft. the perpendicular depth of the 
centre of gravity Gi below the surface of the water ; then 
the lbs. pressure on the area c e= 

5xUx62-5=43751bB. 

Again, if the area of the surface hf, on the slanting face 
AL=4 square feet, PGa=ll ft., Gj being tlie centre of 
gravity of the area kf; then the pressure on this slanting 
surface will be 

4 X 11 X 625=2750 lbs. 
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I As in former cases, the weight of a cubic of water is 
taken = 62^ lbs. It may be further observed that the po- 
fiitiona or inclinations of the surfaces ab, ce, Kf, are not 
taken into account, but merely their areas and the perpen- 
dicular distances of the centres of gravity from the hori- 
zontal surface of the fluid. On this simple principle rests 
that department of mechanics termed nudronlalice ; it is 
easily demonstrated, as {rravity acts on all the particles of 
the fluid, and each particle presses on that next below it, 
and, further, because, from the peculiar property of the 
fluid, this pressure is transmitted m all directions equally. 

Qua. fi8. Find the lbs. pressure on a floodgate whose 
breadth is 9 ft., and depth 7 ft. 

7 X 9=63 square feet area, 
7 
depth of centre of gravity=— =3'4ft. 

.-. 68xi xG2i=13781-251b8. 



Qhw. 69. What is the pressure upon 10 ft. length of 
an embankment, the depth of the water pressing against it 
' ' rUfi.V 




»i»x62-5=preeBui 

nx>tx~ x62-5=proMiiil 

.*. 2n»xG2-5 = pre88a(| 
Then «' X 62'f 
that is, the pressnre on the sidea isl 
the hue. In the8e calculationa thef 
rest, and acted on only b; grBTitf. 

Let A B C D be a vessel fiUed \ 
Q on any point n, in the side AD 
perpendicular depth An. If in 
we take D F= D A, the perpendic 
then the presaare upon the point I 
Bure of a column of the fluid. 
Draw F A, and from any point n di 
AD; hence mn=A n, and the ; 

Fig. 113. 



I 
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n will be due to a column whose height is nt n ; tlie aame 
reasoning applies to any other point in the side of the 
vessel. 

Ijet us take an example and compare this method of 
. viewing the sabje''t with the one previously enunciated and 
ilhutrated. 

Qw». 71. What ia the pressure on an embankment 
whose length is 21ft. and depth of the water AD=12 ft.? 

The whole pressure upon the side of the embimkment is 
equivalent to the pressure or weight of a mass of fluid of 
the form of a wedge, A F D, Fig. 113. 

Aies oS the trionglQ A D F= 12 x ^ =72 sqnaie feet, 

.'. 72 X 21 = 1512 cubic feet content of the wedge. 

.-. 1512 X 62'5 = 94500 lbs. pressare. 

Before it was statnd that the pressure in lbs. on the aide 

is equal to a column of water whose base is the area of the 

Burmie, and perpeniMcular height the depth of the centre 

of gravity. 

It is evident, since the side of the embankment ia a 
jpirallelogram, the depth of its centre of gravity 

12 „^ 
=^=6 ft., 

area of the Hiirface= 12x31 =252 square feet. 
.-. 262 X 6 X 62'5 = 94S0O Ibs.^ the pressure before found. 

It may be easily perceived that there ia a certain point 
in the side A D of an embankment or vessel filled with 
water, where a single pressure will counterbalance the 
pressure of the water against the whole side. This point is 
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THE CEKTBE OF PRES8IJBE. 



The centre of ptvtsure must evidently He in the line P G 
passing through the centre of gravity, G, of the* teedffe of 
pretmret, of which the plane A F D b a cross section. 

Bisect F D \a E, imd D A in H, draw A E and F H ; tben 
lines cut one another in the centre ofgravitj O- D F^^DA, 
that m, the centre of pressure, F, iu this cue lies at -^ of D A, 
from the bottom, see page 246. 

Quee, 72. Required the pressure on the stsres of a 
cylindrical vessel filled with water, the diameter of the base 
being 10 ft. and the perpendicular height 8 ft. ? 

3-1416 X I0==31'416 ft. the circomference of the cylinder, 
.-, 81-416 X - X 8 X 62-5=6283-2 lbs. pressure. 

It the slaves of this barrel are to be kept together by a singls 
hoop, that hoop should be y = 3| ft. from the bottom. 

Qaes. 73. An embankment H D, Fig. 114, resists a prea- 
eure of water, whose centre of pressure is at P ; it is re- 
quired to determine by construction the conditions of equi- 
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librium, sapposing when the pressure is sufficient to over- 
tarn the embankment it will turn upon A, as a centre ? 

Let F O C be the vertical line drawn through G, the 
centre of OTavity of the embankment. Draw PL perpen- 
dicular to F 0, intersecting F C in O. Make O n= the lbs. 
pressure in the embankment, and O m=the pressure of the 
water, complete the parallelogram O mp n, then if the 
diagonal O p or Op produced falls as at B inside the base, 
the embankment will stand, but if the diagonal cuts out- 
side of A, embankment will fall ly turning over upon O. 

Otherwise, since the pressure of the water P, in pounds 
multiplied by the length of A L in feet, gives the moment 
of the water tending to turn the embankment, H D, on A 
as a centre ; and the product of tlie weight of the embank- 
ment, H D, in pounds Dy the length of A in feet, gives the 
momentum of the embankment that acts against the pres- 
8ure of the water ; consequently, when these moments are 
equal the embankment, A H E D, is upon the point of 
turning over the point A ; if the moment of the water be 
the greater of the two, the structure will fall, but if it be 
the lesser of the two, it will stand. 

Qaes. 74. Suppose 10 ft. to be the length of an em- 
bankment whose height, D E, from tlie surface of the water 
at E, is 28 ft., A D = 6 ft,, will the embankment stand or 
fall when a cubic foot of the material of which it is 
coraposed=1601bs. T 



Surface upon vrhich the water pre8se3= 



X 10=280 sqoare 



Pressure of the water=2t 



X 625=245000 lbs. 

B centre of pressore P, from 



rZ.= D P= A L=tfae distance of 
' the bottom AD. 

.'. 245000x^ = 2266666-s-themomGDtaf the water. 
Weight of the embaukmeDt=28 x 10 x (• X 160=268800 lln 
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Moment of dieerDbanbnent=268800x-2 =806400. 

This structure most fall, since the moment of the water 
18 gre&ter than the moment of the embankment. 

Qu«». 75. What must be the height of the water in the 
last question, so that the embankment may be upon the 
point of overturning t 

Putting X for the required height, then the moment of 
the water will be 



sexlOx-^ xG25x-s =■ 



x635. 



625=806400. 
.'. iB=20'59967 ft., height reqnirod. 

Quee. 76. Required the thickness of a rectanfrolar em- 
bankment that supports a pressure of water rinng ita full 
height of 1 6 ft. when the structure is upon the point of tom- 
uig over ; the weight of a cubic foot of the material^ of 
which the embankment is composed, 128 lbs. f 

We may take the length of the embankment=l foot, for 
if it stands for one foot of length, it will stand for any other 
length. 

1 X 16 X g- X 62-6 = 8000 lbs., the pressare of the water. 

.-. 8000 X ~ =tbe moment of the water. 

If s be put for the thickness of the embankment, il« moment 
wUlbe 



16xxxlxl28x 


2 " 


=s'x8xl28. 


Pnttin-i 8 X 128 X i:* 


=8000. i«. 


Gi™ «■=■«, 




I. 6 45497 ft 

1 



PRACTICAL MECHASICS. 



£43 



Qim. 77. Let the cross section of the embankment, 
ABOD, Fig. 115, have the form of a trapezoid, where 
AE=6ft, EB=5ft.,BC = 15ft., and the weight of a 
cubic foot of the mat«rial=120 lbs. j as in former cases, 
the cubic foot of water is supposed to weigh 62i lbs. t 

Let U3 consider the circumstances with respect to 8 ft, 
length of embankment, and suppose the cross section, 




A B C D, to ui. ui.nn,u ...™ ..,.« parts, namely, the rectan 

Sular part, B C £> E, and the tnangular part, A E D. It 
fts been before shown that a vertical hne, oL, passing 



mgh the centre of gravitj', g, of the triangular part, i 
iposed to be horizontal ; so that A L 



L 



tin 

the base, AL, supposed — , — ^ 

of AE=4ft. Tne vertio^ line, G F, passing through the 
centre of gravity, G, of the parallelogram, E D C B, cuts 
the base at F ; so that 

AF=AE+iEB=8-5ft. 
It is auppoaed that tlie pressure, P, of the water tends 
to turn the embankment over a horizontal line passing 
through A, perpendicular to the plane of the paper. 

X 120=43200 lbs. weight of the part of which A D B 



6x1 







.'' « 'tad. f„ 1"" '»ng<li o 
■■• 8000xi?_„ 



■ t44 

H Weight of B C D E= 15 X 5 X 8 X 120=72000 lb« 

■ Moment of this part=72000 x 8'5 = 612000. 

.-. 612000 + 172800 = 784800, the moment of 8 ft. length of 
embankment. 

Since the moment of the water will be 
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< ^=281250, 
H follows that the embankment will Btaud. 

Qit£g. 78. The breadth of a flood-pate is 12 ft. ; the 
dqnh, AB=8ft.; the centre of the hinge, Q, is 18 in. 
from the hottom, A; and the hinj^, R, is 18 in. from the 
Eorface, B i the pressure on Q, Fig. 116, is required t 




Since one-half the pree sure of the iraler on the gate only acts 
on the hinges Q and E, that prcseure in lbs. will bo= 



( 
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8x6x^ x62'5=120001b8. 



Let F be the centre of preesure of the water, then 
AP=-| ; QE=8-3=6ft.; 

PR=PB-BR=-^ x2-li = 3|ft. 



Becftuse the presanre of the wat«r iit P is supported bj tHu 
hinges at Q and R, then, on the principle of the lever (p. 33), 
Bnpposing U to be the fnlcmm, 

I .', Putting X fnr the prcssare on Q, 

Lm xxQR^PxPR, thatiB 

■ xx5=12000x3|; 

■ .-. x = 9200lba. 

■ Quet. 79. If one side of an equilateral triangle, im- 
^^mei^ed in a fluid, be perpendicular to the surface of the 

fluid, find the relation of tne pressures on the three sides t 

Let the side, A B, be F'e- h"' 

perpendicular to the sur- 
face of the fluid L N, 
Fi^. 117. From F and 
G, the points of bisec- 
tion, and therefore the 
centres of gravity of A C, 
C B, draw E F, DC, 
H G, perpendicular to 
AB. 

It is evident that the 



perpendicular depths, M F 
=AE, AD,M( 




= AH; 
of the centres of gravity of the sides, AC, A B, B C, 
are as 



Hence the pressure or the sido B C is ei^ual to the sum of 
the pressures on A B, A 0. 
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Geometrical Proposition. 

If from any of the an- 
glos of a triangle, ABC, 
a line, A m, bear&vm to m, 
tliu middle of opposite dde, 
C B, the point G is the 
centre of gravity of the 
triangle if mG=i of m A. 
Draw B n, bisecting A C, 
join HI, 11, then it is evi- 
dent that all lines, asp q, 
Earallel to C B are bisected 
y A m ; hence the centre 
of gravity of the triangle 
must he in A m. In the 
- it may be shown that B n bisects all lines, 
as r g, parallel to <J A ; therefore the centre of gravity is 
also in B n ; consequently the point G, where A m and B n 
intersect, is the centre of gravity of the triangle ABC. 

But m )t=i A B, and is also parallel to A B ; and be- 
cause the triangles m n G and GAB are similar, m G= 
iGA,whencewG=lt«A. 

As the knowledge of the position of the centre of g^a^^ty 
of a body is of much importance in almost eveiy depart- 
ment of mechanics, and to save the trouble of distinct in- 
vestigations in cftses that often occur, we have thoagbt it 
proper to add the succeeding results : . 

n. The centre of gracitv, G, of a trapesium, A B C D, 
Fig. 119. 

Let L be the centre of cra^-ity of the triangle ADC, 
Hof ABOjEof ABD, Fof BDC;]oinHLandEF; 
these lines cut in G, the centre of gravity of Afi D. 



_\^ 
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Fig. 119. 




in. To find tJte cetitre of gravitij, G, of a quadriloi 
\. B C D, when tiBO aides, A D, B C, are ■• ■ ■^■ 



are paratul, Fig. 1 
LD, andBK=KC = 6j KL = 3c. 

i +23 - 

b+a ' 



KG= 









1 


IV. To Jin 
yroTnut, AB 
Pat AB=a 


i the centre of gravity, G, of 

CD, Fig. 121. 

AC=i, AD=<;, aiidBC=d, B 


ny tnang 
D=e, CD 


ien A G=H 


/3(a'-'-6' + c«l-(d'+«»+/')- 


Jl 
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Or, bisect B C in F, draw F D, F A ; make E F=^ of F D, 
and HF=Jof AF.aaddrawHD, AE. The trianglea H G E, 
ti A D are Bimilar. 

.-. HG=iGD=iHD; 
EG=iGA=iEA. 



Wben BC=CD = DB. 
Thou AG'=A(«* + 6'+c'- J). 

04BK UI. 

WheaBC=CD=DB, and aho AB=AC = AD. 
Then AG'=T>5(3a'-d'j. 



I CASE IV. 

If all the edges are equal, A B C D becomes « regular 
tetncdron. 
Then Aa = iav/6- 
V. To find tlie centre of grav\ty of a pyramid toltose bate 
ia any poo/yon. 

The centre of gravity will be on the line drawn from the 
vertex to the centre of cravity of the base, and at the di^ 
tance of J of its length trom the vertex. 





Tlien U = ^ 



XV T ° "=-63662 r. 

'•g- 133. 
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XVI. When the nrcular segment hetomet a eemicirclc. 

^ ^~3 quadrants, radius r 2-356194 r" 2-356194" 
■42441 r. 

XVII. In a circular sector, O B A C, Fig. 124, the dis- 
tance from the centre of the circle to the centre of gra- 
vity, or O G,=-|^ ; in which r=OA; c=BC; a=the 
length of the arc BAG. 




XVIII. To find the centre of gra\ity of a common pa- 
rabola. Fig. 124. 

AO = iAC. 

To find the centre of gravity, a, of the semiparabola 
C A D, Fig. 125, take 

Gj=JCD, 

XIX. To find the centre of gravity, G, of the sector of a 
ip/tere, O D A B, Fig. 126, 
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Let AC=a:, UD = r, tln-n 

When x=r, the sector beoomeB a hemisphere, then 
AG=Jr. 
XX. To find the centre of gravity, G, of the segment of a 
Mp/teroid, 




Let A be the vertex of the fixed axis a, putting c for tho 
length of the revolving axis, then 
k . « 4a— 3a! _ 



I 
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When the segment becomes a hemisphermd, 
- __ . — x=f I, for the dietftnce of the centre ol 
the vertex, ,■, J a; is its distance from the cent 

If c=a, the spheroid becomes a sphere, and, as ' 
independent of c, it is alike applicable to both s 
corresponding segments. 

XXI. To find llie centre of gravity of a hyp 
Putting ^=the distance of the centre of grayit; 
vertex A, and taking i/*= -j (ax+a^); 
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W : M : : a : f=RQ 



i 



■■ w 

R S is pnt=a, and is horizoatal. 
K R, Q G, S T are perpendicular to S R. 

80. Let the shores, a c, support the wall, A C B, 
that sustains a pressure of water up to the top A ; the stay 
delivers its thrust opposite the centre of pressure, P, of the 
water ; the tlirust on the stays is required, wiien the em- 
bankment is upon the point of turning over. Suppose 
AB=15ft.; CD=3ft.; the weight of a cubic foot of 
tlte miittrial of wliith the wall is composed 120 lbs. ; 
ad=PB = 5ft.t 

We will estimate for 8 ft. length of wall, but any other 
length may be selected. 
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Weight of wbU 8 X 3 X 15 X 120=43200 Iba. 
Moment of the wall = 43200 X j=G4800. 
Let & d be perpendicalar to ac; 



"H^ 



L 



Put J! for the thrust on the stays, ac, that prop 8ft. 
length of wall ; the moment of this thrust will be 
XX 3-5355. 
Moment of the pressare of the wat«r will bo 
15 X 8 X ^ X 62-5 X ^=281250. 

.-. a; X 3-5355 + 64800=281250 
.-. ^=61222 lbs. 



Ques. 81. Required the 
modulus of stability of the 
Btone structure, A D H O, 
Fic.129. AD = 3ft.;0H 
=8 ft. ; B R, drawn from 
the middle of A D to the 
middle of O H = 18 ft. ; 
the height of the water, 
HD=17-4ft.; weight of 
a cubic foot of the mate- 
rial of which the wall is 
compo3ed=200Ibs.T 

It is only necessary to in- 
vestigate the action of the 
forces on a length of one 
foot. A D H O is a cross 
sector of the wall. 




^ OR+AB 4 + 1^-: 
Q being the centre of gravity of the yi 



J 
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^B RB : RT :: RO : RS = I^ 

61^=6 R' ^RT? , tliat is, BT is equal to Uie sqture root of 
18'-(J)'=i v'12ri = 17-82554. 

PresBore of the wall, Acting in the line Q S, throngh tiie centie 
of gravity G= 

^i^x 1 X 17-82554 x 200=19608094 Iba. 

The centre of pressure of the wat«r ia at P, and HP= 



I 



: 5-8 :: 921125 : 2724652=0 tn=S n. 



I 



In the parallelogram CSum, if the line CS=5-8, 
represents the pressure of the action in a vertical line 
passing through its centre of gravity! Cm=2'724652 re- 
presents the whole pressure of the water acting on P, its 
centre of pressure. 

The ratio of S O to S n is termed the modulus of sta- 
bility, which, in a good structure, should not be much less 
than ^. In the present case, 

= ■ - - - ='5384, which is greater than -5, 



Hence tlie stractore is si 



A square, ABCD, Pig. 130, is immersed vertically in 
a fluid, the side A B comciding with the surface ; if tlie 
diagonal, B D, be drawn, compare the pressure on the 
triangles A B D, B D C. 

Bisect A B, D C, in E and F ; join D E, B F ; take 
EG=iED, andFo=ABF; G and y are the centres of 
gravity of the triangles A B D, B D C. 



r 
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D E is eqna] and pftrallel to B F, 
Bj=2yF=2EG; 

;. the perpendicolar m y=twice the length of the perpen- 
dlcnlar Gn. 

.*. The pressure on the triangle B C D ia double thepresanre 
on the triangle A B D. The same is true in the case of a rec- 
tangle, and the proportions remain the same whatever be the in- 
clinations of the immersed planes, provided only that A B coin- 
cides with the surface of the fluid ; for the perpendicular depths 
of the centres of gravity nil! lie altered in the same ratio. 




GiTcn a rectangular paralielogram immersed vertically 
in water, with one side A B, Fig, 131, coincident with the 
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surface ; it ia required to draw from one of the angles, B, 
to the base a Ktrai^t line, B E, so that the pressnres on the 
parts A D £ B, £ B C, may be in the given ratio of 
m ton 

It is evident that the pressure on the whole parallelogram 
b to the pressure on the triangle, so is m + n to n. 
PQtAB=ai AD=BC=6,andEC=ir; 



To compare the pressures on the rectangles A C, 1', 
Fig. 132, immersed vertically in water, A B coinciding witli 
the surface of the water. 




The preaenre on A B C D : that on A B E F 
:: ADxiAD : AFxiAF 
: : AD* : AF; 
.". The presaare A B C D : the pressure on D C E !■ 
AD" : AP-AD" 

Put A F=6 imd D A=x, then D F=b-x. 
When the pressnra on A C is eqnal to the preasnre on C F, 
then 






Or 1 t >A ■ 



V5* 
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■D C E F, 5 to 7. 

■ thea 

1 ^ : J'-i" : : 5 : 7 

■ .■..=^]l^. ■ 

Let A C D F, Fie. 133, be '^'^ ' '3. 


; 


aiec'lutiuuliu |juiallelugi'uiii lui- BJ^^H^VI^^^HH 
mersed in water, ttie side A C |^^^^^^^SBjg 
coinciding with the surface, HHB^B^IBHl 
AB=a; AF=£. FED is H|BH|^HH9 
the inscribed parabola; find Hn^^E|^^H|l 
the ratio of the pressure on tlic Hn^^^H^^^HHI 
parallelogram and the pressure H'j^^^H^^^HI 
on the parabola. I^^^^^^^^^^n 




B If G be the centre of gr&Tity of A C D F, then 
H B G=| and the pre8sore=a 6 x i x 62i= ~'x 62^. 
H The area of the parabolB=i of the parallelogram ; 
H B^=f d, if jT be the centre of gravity of the parabola; 

.-. ?l^xi^x62i=^x62i=the pressure on the pa 
nbola 

•■■ -rx^2i= -5-x62i::i:| 
.-. 5 : 4, is the ratio 

Show that if & hollow sphere be filled with a fluid, whos 
ipedfic gravity ia *, that the whole pressure a^jsa*. "Ot 


, 





^H^^^f 


■ !60 

H internal Bar 

■ fluid. 

1 - 

■ Hit noiid 
f =»""■ . 

Let G be 
Fig. 134, A 
peiidicular t 
is di-awn iw 
ffeneral cxp 
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ace is three times the weight of the contain^ 

=the radiuB ; Ihon 4* r'=intenial surTue, 

the presBnre=4* r'xrx*=4irr'<i 

content of the epliere = J* r*, and its wei^ 

<rr** : J^H* :: 1 : J or 3 : 1. 

the centre of eravit)- of a trapezoid A B C O 
B=£i, and parallel to 0=6 ; B C=c, and pel 
botb A B and C. The straight line O S 
erpendicular to OCX, it is required to fini 
ressions for the perpentlicular co-ordinates *= 
uidi,=nG=Om. 

F.^-. 131. 




i 


^M 




■ 




Let p be 

If ( be th 


he centre of gravity of the rectangle 

centre of gravity of the triimgle i 
5f I Bin be, 1 K=J A D=i B C= ~ 


\ECD, 
L D, then ti 



^^^^^^^^^^^■i^^^^Hi . ^^m 


^^H 


^^^^H^tJ^^I 


_| 


^^^^^^I^^I^^^HH^^^^^^I 


J 






^B 
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OR=}of OD=^-^^f^. 


A«« of ABCOxGn=Area of A B C Dx^jQ+area o( 
A D X ( B i that ia 




■'■ y=lO+^)- See pp. 37, 38, 39. 


A^in the area A B CxGM=Area of A B C DxO Q + 
Area of A DxR 0; that is 


■ c'r- «,.^-v-+°V"V 


■ .-. ';%=„v-''7">" 


1 - "t-ttIW ^--''•'^- 


Queg. 82. Given in 
AUCO.FitT. 13,% which 
represents the cross sec- 
tioD of an embankment 
made of brickwork, a 
cubic foot of which 
weighs 112 lbs.: AB=I 
ft, parallel toOC = 2 ft.; 
find the height, BC, which 
is perpendicular to both 
A B and C, when the 
embankment is upon the 
edge at by tlie pressure o 
bnm, Bt 


He- iJiS. 


1 


H 


1 


wint of overturning upon tli 
' the water which stands at th 


I 


K Pat f)=BC, tbe required height, then the < H 


H ^^^H 



I +9 



1+2 

2 



; 112=1 



9' 
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ment be nused nntil H L=3 ft., what must be the perpen- 
dicular depth B L, so that when the part A B C O be upon 
the point of overtuminj; at O, at the same time the whole 
embankment, A B 1. 1^ will be npon the point of turning 
over the edge through H t 

11 7 
EL=DC=2— ir=4 



.*. the moment of A B C round the point H, will be 
20 
745-89 X y. If J be the centre of graritj of C L H, then 



I 



H P=-^ X 3 — —-___=—. ; putting < for B L, the moment 
of the part C L Q round H as a fdlcrum will be 

IQie moment of the water acting in opposition nOl be 
txlx ~x52-5x4 =-H xfiS-S 

.*. *'-46-592e= -47-73689344; (/3). 
.-. (=6 \ 0,4,0/5' 1'9'9'5= 6-240378 12. 

By dual arithmetic in an; cubic eqnatioD the value of the un- 
known quantity, as t, may be found in a few minutes under an 
endless variety of fonus, but all reducible to one or other of the 
roots ; in the present case t may be found under the form t= 
6 \ 0,3,9,4,3,4,8,5, which is aIso= 6-2403781 2 

t may be found under the fonn 6 \ 2,8,1,1,3,2,0,1,=: 

6-24037812, 

When WQ assume t of the form n | U| u, uj . . , . a coi 



I 



I 
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r&lue for n is readily found hj supposing A B H L a trapezoid, 
thea B L must be greater ihun 6, hence n was put = 6; but 
we might assume n = i, 5, 6, or 7, and yet detenuine 
t = 6-24037812. 

The height and dimensions of anv number of trapezoids 
forming an embankment like A L H, of equable strength, 
can be found in a similar way. A B, O C, H L, &c., may 
be given any common difference. The labour and difBcol^ 
experienced, before dual arithmetic was invented, in finding 
tlie roots of equations higher than a quadratic prevented 
writers on practical mathematics from introducing pro- 
blems involvijig cubic or higher equations. The student 
should pay particular attention to these remarks. 

In solving (0), ve may put it under the form 

, by putting a = 46.592; 



i=47.73689344 ; 



»='* 



For t*-\-b = ai, dividing by ij 6^, wa obtain 

H '4 H '4 n "4" 
When the equation is put under the above form, 
may be solved in a direct manner, without conjtictanng 
the limits of the roots. See " General Method of Solving 
Equations of all Degrees," by Oliver Byrne, the Author 
of the present work. 

If dry or wet clay, mixed earth, shingle, gravel, peat, 
&c., be excavated, and placed unprotected by a wall, or 
other support, the face, O A, in a perpendicular position, 
OP, Fig. 137, horizontal, during the wet and winter 
season, a portion of the embankment, A O Q, will slide 
away, and ultimately assume a permanent slope, as O Q ; 
then O Q is termed the natural slope. Tlie weight and 
natural slopes of different kinds of earths are given m most 
engineering pocket-books ; but the natural slope of earth in 
engineering works should, if possible, be found in each 
particular undertaking. Tb« thrust of earth upon a revet- 
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ment wall is gjven by a. portion, ROC, of the wedge 
B O Q; the line O C is termed the line of rapture. Cou- 
lomb found that the angle, ROC, which the line of rupture 
makes with the vertical, is one-half the angle R O Q, which 
the line of natural sloiw, O Q, makes with the vertical, 
OA. 




To Jind the pressure of earth when it U level with the top of 
the revetment mall. 

RuU. Multiply the weight of a. cubic foot of the earth 
by the square of the tancent of the angie ROC (equal 
half R O Q), the product is to be taken as the weight of a 
cubic foot of a fluid pressing like water. It may aid the 
memory to observe, that the product above mentioned takea 
the place of the 62*5 lbs., the weight assumed for a cuhic 
foot of water. 



Qua. 84. A revetment wall, 36 ft. high and 8 ft thick , 
any unit of length may be taken for convenience, we select 
a foot ; this wall has to support the pressure of a mixed 
earth, the natural slope of which was foimd to be 34 degrees, 
and the weight of a cubic foot= 112 lbs. ; the wall is "" 
of sandstone, a cubic foot of which weighs 144 lbs. r 
stand or fall t 




86x1 v**" 



I 
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QueB.8G. Let OA=9-6ft., OC=4ft., the weight of 
a cubic foot of the brickwork in A C= 112 lbs., the water 
ia np to H, the embankment is supported by a bank of 
earth, O D, the natural slope of which is 45°, O D= 5 ft., 
E D is level ; will the embankment stand or fall, EDO 
being composed of gravel and shingle, k cubic foot of which 
weired 96 lbs.? 

Fig. 188. 





■ 




^^^Hl 




^9 




^9 



In making trial calculations, when a wall is supported by 
earth, as in Fig. 138, the weigjit of the equivalent fluid 
may be taken=6 times the weight of the earth. On thia 
supposition the earth, EDO, may be considered a fluid, a 
cuW foot of which=96 x 6=576 lbs. 
4 
Then, 9-6x 1 x4x 112 XgsSeoie, moment of the wall ; 

Ab usual, one foot is taken for the length. 

6 X 1 X 2 X 576 X g= 12000, moment of the earth. 

S-exlx-s- x62-5x 3-=921G, moment of the water. 




"^Wkl of «?" *!'"™l< 
"'opinp''"'.""''; bi 

'"So/iS*"'«P' 

'^"SWofu,,^ 
'^"""'ofii.,^, 



PRACTICAL MECHANIOB. 

Tote] moments snetaining the wall 

=70200+1250=71450. 
Moment of the level euth 

^30x1x^x120x1716x^^=92664; 

Since the latter moment is greater than the sum of two the 
foimer, it ma; be concluded that the Btrnctare will fall. 

Referring to Fig. 137, page 265, and putting » for the 

angle K O Q, then because tan» -g =T^r — — ., and may be 

employed when a table of natural tangents is not conve- 
nient, 

The amount of pressure of a bank of earth, supposed to 
act in plane parallel layers against a vertical plane a foot 
in breadtli= 

When the bank is composed of layers each sloping pa- 
rallel to the natural slope, then the amount of pressure of 
the bank= 



But if the earth is made up of layera sloping from the 
vertical, O B, at an angle, EOB=i^, greater than the 
natural slope, R O Q= S, the pressure of the earth= 



sin^ + Vflin'^- 



Much of what has been said respecting the ppei 
water applies to all fluids, both liquids and gaaes \ 



r 
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other elastic fluids have some properties peculiar to them- 
selves ; however, the nature aiid properties of both atmo- 
spheric air and mercury have been carefully ascertained. 
So far, the determination of the heights of mountuns by 
the barometer presents no difficulty j but to solve the nlti- 
mate equation defied the skill of mathematicians, and the 
formulse presented by writers on mechanics to effect this 
object only gave approximate results. This ultimate equa- 
tion, which may be presented under the form (L), can be 
Evolved with the greatest ease by dual arithmetic. 



'='-^'(' + ;)'"?[!(' + D']' 



(I.) 



I 

I 



Id this equation kU the qnuitities except the required height 
: are kuoini. The logs, are hyperbolic, and (I.) may be put 
under the form 

In this last eqoation put iCsN/— (l + -) i B; — 



'■). 



rg 



and put \~ = A; and suppose A= hyperboUc log. of o, that 
is, log. a=A. These substitutions being made, (I.) becomes 

It = A + Bx log. 3* ; (IL) 



6=2-71828183, and 



i'6=: 



10». 



(H.) may be written g* = ax'" ; taking the arth too* of 
both sides, 

€ = a" x^' . Put n^ =e, then 
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■■• (d"=(t)\ 

This last eqnation, by putting y for (-Vi becomea 

j'=(-t:V, ■"^\'y=\\\~^\ (in-) 

A general solution of exponential equations of this form 
is given in " Dual Arithmetic a New Art," Part II., pp. 91 
to 101. (See IHctionary of Engineering, p. 236.) 

In measuring heights by the barometer it is necessary to 
know, to the greatest nicety, tlie ratio of the density of 
mercury to that of air. Tne accurate and indefatigable 
M. Regnault found, at Paris, that a litre of air at 0° cen- 
tiOTade, under a pressure of 760 millimfitres, weighed 
1"293187 grammes ; and at the level of the sea, in latitude 
45°, it weighed 1*292697 grammes. He also found that a 
litre of mercury, at the temperature of 0° cent., weighed 
13595*93 grammes. A litre of water, at its maximum 
density, weighs 1000 grammes ; therefore the ratio of the 
density of mercury to that of air, in latitude 45°, will be= 

At Paris, a litre of atmospheric ajr weicba 1-293187 
grammes, but this number is only correct for the locality in 
which the eKperiments were made — that is, the latitude of 
48° 50' 14", and a height of 60 metres above the level of 
the sea. Taking 1-292697 grammes for the weight of a litre 
of air under tne parallel of 45° latitude, and at the same 
distance from the centre nf +hat at which the 

experiments were f "ns*. ^■s»-, 

puttinK w for th" "*"'»*^ 

utitutw, any otfa* 



I 
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^_ I-292697 (100001885) (1-002837) oob X ™.v 

B= 6366198 mitres, the mean radius of the earth, q the 
heiebt of the place of observation above the mean ramns^ 
ana X the latitude of the place. In applying formula (IV.) 
to a particutar example, the author found that at Philadel- 
phia, U.S., lat. 39° 56' 51"-5 N., the weight of a litre of 
air waa 1*2914392 frrammes; the ratio of the density of 
niercurj- to that of air at tlie level of the sea was 10527'735 ; 
and n= 6367653 mfetres at Philadelphia. 

B«gnault also found, byexperiraents, that 1'36706 repre- 
sents the volume of air at 100° centia^rade thermom., the 
volume at 0° being supposed = 1, Before the time of 
Kegnault, these and many other constants were greatly in 
error. Experiments show tliat air, under the same pressure, 
expands uniformly for equal increments of temj^ratore ; 
tliat the expansion due to the same increase of temperaturo 
is not the same for all gases, as many scientific men have 
supposed. However, in air the expansion for a unit of 
bult is -36706, according to Regnault, from ihe freezing 
to the boiling points; ana therefore the expansion for each 
degree of Fdirenheit is -^1,^ of -36706. 

Let a^tlie expansion of air for each degree of the thermo- 
meter, t = thc ratio of the elasticity of air to its density at the 
temperature of melting ice ; then the bulk at the temperature s 
will be increased,' and therefore the density diniiniehed in the 
ratio of 1+ a X to I [ conaoquently i (H-ita:)=the ratio of the 
elasticity to the density at the temperature *. 

C p =tiie elasticity, } at the sv.rface of 

1 J =the force of gravity, J the earth. 
For the air let^ P=the plasticity ^ ^^ ^j,^ ^,^.^^^^ ^ 

/ ^"-u" ^*°'"'?/^ ^^^- '• f above the surface; 

^ G=the force of gravity, ) ' 

111611^^=^(1 + 3:), and ;. P=Dit (l + aar). 

Then, for what is conventtonBll; termed the differential of P, 
in the notation of the differential calculus, ixit d P ; 
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Then, P— dP = the presBure at the altitude (z+dz), 
P=the pressure at tbc altitudes. 

._ _dP=the difference of preBBnres=Dgrf i= ' ^ 
r being put for the radius of the earth where the obaeiration b 
made. 

.-. IntergraUon gi?ea log- P = r(l+^)\V+'t) "•" ^' 
Consequently, log. f= ^ (iV« ^) (7=H^) 



-k {l + <ix)\r+J'-t (l + a^yVr + J ' (^-^ 

jeriment it also appears that mercury contr 
e temperature decreases. 

( H=height of barometer, ) rI tl: 
y let-< M= density of mercury, ( of tl 

(_T =temperatnre of mercury J 



From experiment it also appears that mercury contracts nni- 
formly as ite temperature decreases. 

For mercury 

' " temperature of mercnry 
•nd H„ Ml, T, the same quantities respectively at the altitude 
t ■ and - = the condensation of mercury for one degree of the 
thermometer; 

T-T, 



M.=M 0+1=1.). 



Bat p=yHM; and 



•■■ l<-fO'(- 

potting h for ^1+— t^W and eqnei 
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riUuu of the laat vftlae of ^ with the T&lae before found ( 



The temperature x lias been supposed to remain t 
same throughout the whole column z, whereas it always 
decreases as we ascend from the surface of the earth ; but, 
being ignorant of the law of this change, a mean value (r) 
between tlie values at the two stations is taken and consi- 
dered constant ; the mean «■ being substituted for i in the last 
e(]uation, (I.) is established. 

In a discussion on General Anstruther's paper respecting 
the flight of pi-ojectiles, reported in the "Journal of the 
Royal United Service Institution," vol. ix., the author of 
the present work made some observations upon the value 
of the force of gravity and tlie constant g, the resistance of 
fluids to bodies moving in them, and on that dne to fiiction 
when the moving body described an irregular path j those 
remarks and observations are introduced in this place for 
the student's most careful consideration. On the occasion 
referred to the author observed : When great minds con- 
spire to perpetuate a fallacy, it has always been a difficult 
matter to clear that fallacy away. I know of no subject 
capable of being submitted to mathematical investigation 
that has received a greater amount of fallacious treatment, 
and that, too, by great minds, than the motion of projectiles. 
Initial velod ties nave been little more than guessed at, the 
resistance of the air overrated, and the force of gra>-ity mis- 
stated. The system introduced by General Anstruther, 
which is practical and easily applied, must give correct 
results witliin the range of his experiments, without offer- 
ing any special theory about initial velocities, the resistance 
ofthe (ur, or the force of gravity ; indeed, in liis system 
ue collected all those elements. Let us examine the 
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theories put forward with respect to the resistance of the 
atmosphere to the motion of a ball passiog through it. 
The resistance of a fiuid to the motion of a body is said to 
vaty as the square of the velocity ; the hypothesis upon 
which this law rests may be thus considered : the fluid dis- 
placed must have the same motion given to it as that of 
the moving body ; hence, on this supposition, the units of 
work destroyed by the fluid will be equal to the accumu- 
lated work in the fluid. 



For example, let the 
cross section of the body 
perpendicular to the di- 
rection in which the 
body moves = 3 square 
feet, the weight of 



Teloclly = " feel a 




cubic foot of the fluid= 

62 lbs., and tlie velocity of the body 7 feet a second. 

The weight of the fluid moved at a velocity of 7 feet a 
second= 7 X 3 X 62 lbs. 

The units of work expended in the displacement will be 

y'x?x3x6g 

23 

m which g is put = 32 J, 32+, 32, &c., and is said to vary 

inversely as the square of thi " - .. . • 

the earui. 



e distance from the centre « 



Then tiie body in moving through 7 feet destroys 

7 X ■■-■ — , units of work. 

64 
If T be the resistance of the fluid in pounds, the anita of 
work destroyed will also be represented by T x 7 ; 



Hence it is concluded that the resistance Int 
square of the velocity, as we!l as with the 
t2 



64 *^^^^H 

7'x3x6a ^^^^^^M 

the resistance IndflBS^^^^^^^H 
e!l as with the area ^ ^^^^^H 



[ 478 PRACTICAL UECHANIC8. 

Agfun, snppose the time so Bliort that ihe arc is equal to 
the aiord, or arc mM= chord mM. 

Then MpxMA=(chord MiD)'=(arc Mni)'=(T t)'; 

bnt, Mp=Y "id MA = 2r, 



i 



JpxMA=f^. 



If T be the time of an entire rerolation, tJien 



1, *^ 



(B). 



I 



Letanotherl)o(!y,E, Fig. 141, describe thecircuiiiference 
of a circle, E P Q, in the time Ti ; and let F represent the 
accelerating force of gravity at E. Put R = £C, then, 
from (B) 



F=, 



/:F: 



1 . -■■ (">■ 



Now the third law established by the experiments of 
John Kepler shows that the squares of the times are as the 
cubes of the distancea from the centre, C ; hence if we put 
r' for T, and E' for T,', then C becomes 



/^F,T-. 



t*- w 



(D)i 



and thus it is shown, by the experiments of Kepler, that 
the force of gravity varies inversely as the squares of the 
distances. Sir Isaac Newton had little to discover in this 
matter when Kepler's laws ui-e admitted. The esperimenta 
at General Anatnitber's command are as accurate as those 
upon which the law indicated by (D) is fomided. The to- 



I 
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Baence of gravity on the motion of the mooti round the 
earth, or of the earth round the san, is then compared with 
the falling of a heavy body near th» earth's surface, and 
near the earth's surface / is represented by g, which is said 
to be found by experiments. Astronomers apply a varie^ 
of corrections to uphold (D), and the cooked-up value they 
have given to n. When g is trimmed up to suit the motions 
of the heavenly bodies, it is out of gear to apply it to the 
falling of heavy bodies in air near the earth's surface. In 
changmg the value of g, General Anstruther is right, for 
his system corrects the constant quantities, and secures 
correct results within the range of his limiting experi- 
ments. 

To find whether the resistance of the air or any other 
fluid medium is proportional to the square of the velocity 
(V) or not, and also to find whether the value usually 
given to (g), the force of gravity near the surface of the 
earth is under or over estimated, 

Generallyy is pnt=31i, 32^, 32, &o. 

Let V* multiplied by some constant coefficient express 
the retarding force ; and to simplify the investigation put 
this coefficient under the form w'g. 

Then the force will be expressed by 
g-gnV; (I.). 

In this investigation s is put for the space passed over in 
the time t. 

In general terms, if F be any accelerating force, U the 
velocity, S the space, and T the time, the relations betweeoj 
these quantities are found from the two equations 

n=?S«,dF ™, (n.). 

dT dT ' ^ ' 

When T is eliminated from these equations, 
UdU=Fd8; (la). 
Again eliminate U, then we have 
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Then from (I.) substitute g (I— b»c') for Fin (IL), tlien|| 

dp 

1-nV' 



gdt= 
From (in.), gds: 



(V.). 



Kdo 
'l-nV' 



(VI). 



When the equations (V.) and (VI.) are integrated and I 



corrected, on the supposition that 
1=0 ; the n^ulting ei^uatiuns will be 

1 ,««"'_ 1 1 1 
c^- - — - — and 8= loir . 

Eliminate t> and equation (VTI.) is obtained 
The redaction may be effected as follows : 



'^=-.¥ 



t=o; tr=o audi 



Tl,«,_l (■"'+')' /IVi' -'-'-H ^i 

_ fl .—'+l -,. 
■"12 «■«' j 

1 , 1 1.1/ 1 \ 

(Vll.) may be put under the form 

2.'«"*=^ + i (vnij. 

Now from (Vm.) the values of n and c may be found 
by dropping cannon-shot from a ballocn, at different known 
heights, the time occupied in falling being measured. Two 
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difierent values of s and two corresponding values of ( being 
thus determined, (VIII.) presents two independent eqan- 
tions, from which n and g may be eliminated by the dual 
method of solving equations. I have but little doubt that 
the liberty taken by the General to change the reputed 
force of gravity near the surface of the earth, to meet the 
practical necessity, will be warranted when the value of a 
and the resistance of the atmosphere are independently and 
accurately determined. The force of gravity is pulled in 
all directions by astronomers, to make it nt the motions of the 
heavenly bodies ; yet, after all tlie corrections and allow- 
ances are made, the moon and asteroids will not obey. 
The practical results given by the system of General 
Anstruther also show that it is right to change the initial 
velocities previously conjectured, for it is easily demon- 
strated that the initial velocities given, both by the ballistic 
pendulum and the pendulum of Navez, are erroneous. 
These instruments may be employed to indicate any con- 
jectured initial velocity, for the time incorporated m the 
calculation is made to depend on a body very much re- 
strained, falling in air a few inches. To say the least of 
the process, it is very ridiculous ; the results may be cor- 
rected until the time anticipated is obtained. The value of 
^ in or out of air is unknown, and yet it is made to tel! all 
about the pendulum, and in return the pendulum is made 
to tell all about y. The Genera! points out the errors of 
other systems in bold relief, and arrives at practical results 
within the range of his guiding experiments, without 
assuming initial velocity, a particular value for g, or in- 
cluding any wild theory about the wonderful resistance of 
the atmosphere to cover short-comings. 

With respect to the force of gmritff, an'' ^ "ee 

pp.37, 38, 93. 97, 134. The weight -' 
ratio compounded of its mass and the 
in the place where it is situated, see 
denote this weight by W, the mass 
of gravity by g, we have 

W=j7M. 

This quantity g, which is iiidepe 



1 

1 
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nature of the body, is in this position, the weigjht of what 
has been arbitrarily assumed to represent the tuut of mass. 

We may also write, 

W=wV, 
w denotiM the weight of the body, which represents the 
unit of volume, and V its volume. The weight, w, is what is 
termed the specific gravity of the body that is considered, a 
denomination which is evidently improper, for grarity ia 
common to all bodies of different species, and therefore 
there ought to be substituted for it the deaomination 
specific toeit/ht. 

Finally, if D represents the mass, under the vmit of vo- 
lume of the body which is considered, D will be what la 
termed the dunsxty of the body, and we shall have 
M = DV, 
and since W=yM, .-. W=sDV. 

The preceding are the equations which obtain between 
the five quantities W, g, M, I>, V, each of which should be 
expressed numerically, by referring it to a unit of its 
species. The student should bear in mind that the exact 
Bize and form of the earth has not been accurately deter- 
mined. 

Morin and other mechanical investigators first establish 
theories on abstract reasoning, and afterwards correct them 
by experiments ; while others, like Anstruther, without any 
particular hypothesis, interpolate a range of experiments by 
proportion or empirical rules. A third class, which is very 
numerous, assumes constructions, and asserts that those 
constructions possess particular properties, that may or may 
not exist, and supports such claims by high-souncling pre- 
tensions, and a httle mathematics to cover the delusion ; & 
fair representative of this class is the expounder of Kodi's 
ingenious system of skeleton structures. 
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CHAPTER IX. 

f SESI8TAN0E OF FLDIDB, RESISTANCE OF WATER TO THE 
MOTION OF PADDLE-WHEELS, BCHEW PEOPELLEB8, 
&C. &C. 



THEORETICAL OBSERVATIONS ASB CONSIDERATIONS. 

When a body moves in a fluid, it necessarily displaces 
the particles of the fluid, impressing on them velocities in 
a certain ratio to its own, and it is readily conceived that 
tlie inertia of the fluid particles, thus set in motion, develops 
a resistance which increases with the velocity of the body. 
Similar effects are produced when a body is at rest or in 
motion, and acted upon bv a fluid. The manner in which 
the fluid particles are divided when coming in contact 
with the body depends much upon the form of the body, 
and we perceive, without experiment, that the resistance 
must vary considerably with tnese circumstances, 

When a body, Fig. 142, of any form, P Q M N, moves 
in a stream in a direction X Y, if we suppose each particle 
of the body transferred to a plane perpendicular to the 
direction of the motion, it is readily observed that in 
moving an elementary space «=M m, the body will displace 
a volume of liquid that may be represented by A <, found by 
multiplying the projection of the body upon the plane ^r- 




I 



In the two successive iiosilions the body occupiea the 
same volume, and there is a space commoQ to the twtt 
positions, which corresponds to M Op r, so that the anterior 
volume, n m o r M, is eyidently equal to the vclume 
ONPQrp, It 18 further evident tnat each of these volume* 
is also equal to the volume, N n ^ Q, made by the greatest 
cross section of the body, or by the area of its prgjectioOj 
which we have represented by A. 

Thus, when the body describes in relation to the fluid, 
or when the fluid describes in relation to the body, an 
elementary space t, the volume of the deviating fluid which 
parses from the front to the rear of the body is expressed 
by As which we shall put=y; the mast will thereforsi 



I 



putting d for the density or weight of a cubic foot of the, 
fluid. This deviating maa» effects its relative din)lacemenl 
with a velocity depending essentially upon that of the body 
in relation to the fluid, in the case when it is the body thrt 
moves, and which it is reasonable to suppose is proportional 
to the velocity of the body. It will oe the same for the 
unita of work, or for the vi« vwa imparted to the deviatiag 
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fluid ; so that lit the case of a. fluid at rest, in which moves 
a body impressed with a velocity V, the vis viva imparted 
to the displaced Suid for an elementary motion of the body 
will be proportioiial to 



rfAi 



V», 



and if we put i=the unknown ratio of the vis 
impressed upon the fluid, to the above expression, we 
have 

9 
in which k has to be found by experiment, and 



F, really 
shall 



2 



=the units of work. 



On the other hand, if we put R=the total resistance 
which the inertia of the fluia particles opposes to their 
displacement, Uie work of this resistance for tlia elementary 
space, I, will be 

and must, according to the general principle of vit viva 
(see pp. 116, 117, 118), be equal to one-half tiie vis viva 
imparted to the displaced fluid. 

2 9 

2? 
In the case where the fluid displaced by the body, is 
moving with a velocity of its own, if the body moves in an 
opposite direction to the motion of the fluid, the relative 
velocity with which the fluid particles are met and dis- 
placed is V+p; and when the two velocities V and v are 
I in the same direction, is V— v ; similar reasoning to that 
ilreaiiy employed will give us, then, for the case in which 
'Jie body moves in an opposite direction to the fluid 



(■ 
a 
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and for that in whicli they move in the same dlrecdoD 



THEORETICAL EXPRESSION FOK THE UNITS OP WORK DBr 
VELOPED EACH SECOND BY THE RESISTANCE OF WATE^ 
AIH, OK ANY OTHER FLUID MEDIUM. 

When all the circumstances of motion remain the same^ 
and the phenomena occur continiiouHly in the same manner, 
the work developed in each second by the resistance of the 
medium opposed to the motion of tne body is, in the ctiaa 

of a iluid at rest, 

and the work each second in the case of the fluid being in 
motion is 

2.? 
which shows that, in tho first case, fJte work of resistance 
increases as the cube of the velocity. 



i 



In the preceding expression of the resistance applied to i 
a liquid whose density, d, is constant, and in places where 
the value of 23 = 64-3634, and putUng K for -^- it then 
takes the form 



R=KA V», 

B = KA(V+«)', 
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in which forms the expression for the resistance is fre- 
<juently used by writers on mechanics. 

Some authors, and in particular Dubuat, call H the 
height due to the relative velocity V or V+u, and conse- 
quently 



"-2,.""- 2s ■ 

and putting K' = K(i, write this formula under the form 

R=K'AH. 

It is evident that these three expressions for the resist- 
ance, R, are equivalent; the last two are pointed out so 
that the student may understand the authors who employ 
them. These latter expressions give but a poor idea of 
the law of resistance. 



BXPERtMRNTS UPON THE HE8IBTAN0B OP WATEE TO 

THE MOTION or BODIES WHICH WERE DIFPERENTLT 

FOUMED. BY GENERAL ABTHDB MOKIN. HETZ, 1836 

AND 1837. 

The bodies subjected to these experiments were : — 

let. Thin plates of different sizes, which were made to 
ascend from me bottom to the surface of the water by the 
action of a counter-weight. 

2nd. Solid or hollow brass spheres, with diameters 
ran^ng from 0-341 ft., 0-387 ft., 0-422 ft., 0-485 ft., to 
0-530 ft. 

3rd. Tin-plate cylinders, with altitudes equal to their 
diameters, which were 0-324 ft., 0-656 ft., 0-984 ft. 

4th. Cones terminating upon cylinders, with the same 
diameter and height as the preceding, and whose angles at 
the summit varied as follows : 

Half-angle at tlie summit, 64° 48'; 46° SC; 260 01'; 
18° 49'; 14" 19' 48". 

5th. Cylinders of the same dimensions with- ti 
ing, and terminated in front by hemispheres. 
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Mode of Obtervatian. — The experiments were made upon 
tlie Moselle, in front of the dam at Pacelles, in a place 
where the water was, at least at its surf ace, nearly without 
a current, and had a depth of 16*4 ft. It was the most 
suitable place that could be found in the neighbourhood. 

The vertical motion of the body was made in the descent, 
by its own weight, with an occasional ballast to increase 
its velocity, and in the ascent by means of a counter- weight. 
In all cases, the law of the motion was observed and de- 
termined by means of a chronometric apparatus with a stj'le, 
Bimilar to uiose used in the experiments on friction. 

In the first experiments it was at once apparent that the 
resistance of the water increased so rapidly with the velo- 
city, that the motion very readily became uniform. Then^ 
knowing, in each case, the velocity and the motive weight^ 
and keeping account of the passive resistances, it was easy 
to calculate the value of the corresponding resistance of 
the fluid, and to investigate its law. 

A graphic representation of the results, taking the re- 
sistances for ahscisssB, and the squares of the velocities for 
ordinatea, has shown in each case, as in the preceding that 
the resistance is composed of two terms, the one indepen- 
dent of the velocity and simply proportional to the wetted 
surface, the other proportional to the square of the velocity ; 
but here the first term is so small, that it may be neglected 
in relation to the second, as soon as the velocity has be- 
come 3'28 ft, per second. 

According to this, the resistance opposed by the water to 
bodies, as proved by these experiments, would be repre- 
sented by the formula, 

R = KAV», 

A being the projection of a body upon a plane perpendicu- 
lar to tJie direction of motion. 

The values of K, derived from experiment, are entered 
in the following table : 
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Vaiuei of the coe^denl K of t/te formula R=KAV. 



I 



Thin plitai (riling TerticiUj' upvarda). 

Spherw 

RiKht cjlindera wjlh height equal la di 

Cjrlindgn with ume propar- fO-ei to 
lions, terminated by right 1 l'S9 to 
coDO, irhou heights ire to { i-05 to 
the radii of their buea in | b-92 to 
the ratio of 1^7-66 to 

C^linden oT Ihe aame propoitioD term I 



I Cormpond- 
I ing angles 
r at the 

inated bj spheres 



1714 

0-419fl9 

1-7715 

1-S944 

l-027fl 

0-90868 

0'8430S 

0-77449 

0-77487 



ObserviUioHi upon Viae results. — ^The yaJue of the coefG- 
cient K found in the experiments for thin plates ia con- 
siderable, and nearly double that found by Dubuat in 
earning a vertical plane to move in a horizontal direction, 
thus producing a dtBplacement of water entirely different 
from that in our cxperunents, and occasioning the difference 
of results. 

It is remarkable that of all the bodies used, the spheres 
offered the least resistance, and that cylinders, terminated 
fay half spheres, have experienced less than those with 
acute cones. 

Tliis result shows, that in regard to the resistance of a 
medium, the spherical form for projectiles, and the semi- 
circular for piers of bridges, are the most favourable. 

Jnjlumce of the aculeness of the angles of cones upon tite 
resistance. — In comparing the values of the half angles at 
the summit of the cones, expressed in fractions of the 
Bemi-circumference, with the values of the resistance, we 
see that the coefficient K of this resistance increases 
proportionally with these angles ; starting from a certain 
value answering to the angle zero. It may be given by the 
formula 

K=0-59005 ' •■ >" 

being the half of the V ins of a 

iction of the semi-c ^ ^"v 
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the values of K given by this formala, with those dedoced 
directly from the experiment, is established in the following 



Comparison between 


Ow values of the coefficient K aa de- 


d'iced by formuiaa and by e-rperimentt. 


BiU ingle) at the summit 


Values ot Uie ™ 


ficieot S deduced 


iDfi-KtianioTlhe 






From IhB formula. 


From eipcriioeiiL 


0-500 


1-739 


1-771 


0-362 


1-422 


1-394 


0-262 


1-192 


1027 


0145 


0-923 


0-908 


0-105 


0-831 


0-848 


0-080 


0-774 


0-774 



I 



We Bee that, with the exception of the case relati-re to 
the cone whose half-angle at the summit was measared by 
an arc equal to 0'2G2 of the semi-circumfereuce, the results, 
including even that pertaining to the plane base of the 
cylinder, are quite correctly represented by the fonnula, 
and that we may use it for intermediate cases, which have 
not been experimented upon. 

Experiments upon the resistance of water to the motion of 
projectiles. — Wilnout entering into details, for which thia is 
not the proper place, I must saysomething about the remark- 
able results of experiments made by ine In common with 
MM. Piobert and Didion, at Metz, in 1836, upon the pen&- 
tration of projectiles in water. 

These experiments were made at the basin which had 
served for the beautiful hydraulic researehes of MM. Pon- 
celot and Lesbres, in firing horizontally beneath the surface 
of the water projectiles which penetrate the water after 
having traversed an orifice formed by spruce scantling, A 
horizontal fioonng, placed at the bottom of the basin, and 
' Tiarked with strips, received the pnijectiles, which always 
"ahed it with a very small velocity .\ 
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^ We found, with this arrangement, the resistance offered 
to BoHd balb with diameters of 0-354 ft., 0-328 ft., 0*630 ft., 
and 0*72 ft., and to shells of the same diameters, having 
different thiclmesses and weiglits, the initial velocities of 
the projectiles varying from 229 ft. to 1640 ft. in 1". 

From the general view of all the experiments made, the 
results of which are pablished in No. VII. of the " Memorial 
de I'Artillerie," we conclude that the resistance of water 
to the motion of these projectiles may be represented by 
the formula 

R=0-453 AT' lbs., 
while the experiments above cited (No. 305^ gave us 
R=0-4197 AV'lbs. 

On the other band, the ancient experiments due to New- 
ton, and made by observing the time of the fall of spheres 
in water, lead to the value 

R=0'4G498 AVMbB., 
and those which Dubuat made in causing spheres placed at 
the end of the arm of a horse-gin to pass in a circle through 
the water, furnish the formula 
I R=0 4197 AV lbs. 

■ An inspection of all these rcaearches, made by processes 
90 different, and within limits so extended, enables us to 
conclude that, in liquids, the law of the proportionality 
of the resistance to the square of the velocity, is appli- 
cable to spheres, even when moving with the highest veltv 
cities. 

The preceding theoretical formulae ftpply to boats which 
navigate the sea, rivers, and canals; but their results are 
influenced by diifferent circumstances, of which it is im- 
portant lo take an account; some are permanent, others 
accidental. 



I 



4 



292 PBAOTIOAt HECHANICB. 

ANALYBIB OF HOBIN'S EXPGBIMENTB ON THE KESISTANCK^ 
OF WATER TO THE MOTION OF PADDLE-n-HBELS. 

In the first set of experimeuts two models were employed, 
the fir»t tehetl was 3'31 ft. diameter, and received the 
paddles, which were varied m number up to tweuty at most. 
The dimensions of the paddles employed on this wheel were 
as follows : 

In length parallel to the axis, 8^8 ft. ; -656 ft. ; -984 ft. ; 

1-968 ft. 
Breadth, in the direction of the radios -828 ft. ; -659 ft. j 
1-148 ft.; -659 ft. 

The shaft of the wheel formed a windlass around which 
rolled a cord, which passed to the summit of a crane 
55'77 ft. in height, which supported & box in which was 
placed the motive weight. The wheel was established upon 
a fixed frame, and the depths of immersion were varied at 
will, in raising or lowering the level of the water. The 
velocity of rotation of the wheel varied from the lowest in 
which it was possible to observe a regular motion np to 
19*68 ft. a second. When the motions became uniform, 
the velocities were observed hy a timepiece indicating t«nths 
of seconds. 

The second wheel employed was 8*567 ft. in exterior dia- 
meter, with paddles 2*29 ft, long in the direction of the 
axis, by a breadth of l*f;59ft. in the direction of the radios 
in which they were placed. The depth of immersion of 
these paddles was successively l'659ft., l'325ft., and 
*937 ft. For each number of paddles, and each depth of 
immersion, the motive weights, and conse{[uently the velo- 
cities, were gradually changed, so as to have a series of ex- 
periments in which one element only was variable. 

Having thus, for each case, the values of the resistance 
corresponding with the different velocities, a graphic repre- 
sentation, Fig. 143, was made of all the resSts in taking 
for abscissae, along AX, the motive weights, and for 
ordinates, in the direction of AY, the squares of the 
veiocities of the middle ^int of the immersed section. In 



PRACTICAL MECHANICS. 



■411 the series so represented it was observed, that up to a 
I Certsin velocity, all the points were on 8 straight line OB, 
' which cut the Uiie of abscissiE AX in front of the ori^n 




t a Jioint O, variable for each c 
I'Ubscisste or the resistance v"- 



urve, which shows that the 
1 each case represented as 
I for boats moved by horses, by an expression of the form 

= K,A+K,AV', 

f V=the velocity of the middle Bubmerged section of the paddle; 
I E] and K, constant coofllcients. 

The immersed surface A of the paddles was determined 
from the number of paddles simultaneously submerged, in 
whole or in part, by calculating the sum of the immersed 
portions of tlie floats for many successive positions of the 
wheel, and taking the mean oif the sums of the areas thus 
found. A thus represents the mean value of the total re- 
sistance of the paddles acting upon the water. 

The method of representation, Fig. 143, gives the value 
of the constant Kj ; for the abscissae OA of the point O of 
the straight line expressing the law of resistance, was that 
of the term K,A. The following values were found in this 
manner : 



r 
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which they have acted, should be constantly replaced, so 
that the next paddle submerged may meet the same resist- 
ance. Now, in observing the motion of the return of the 
water into the void, we readily understand that the refilling 
must be accomplished by the flowing of the surface, as it 
were, over a dam at the sides, and that a certain time is re- 
quired for its operation. If, then, the wheel turns so 
rapidly that the void has no time to fill, the paddles no 
longer finding the same quantity of water to drive as in 




less velocities, the circumstances of the phenomena are 
changed, and accordingly the law of resistance must be 
modined. This change increasing more and more with 
the veloci^, it happens that the paddles meet a less amount 
of water, which may at last appear as if the wheel turned 
in air instead of water. All these effects are represented 
by tho trace giving the results of the experiments. Fig. 
144, relating to a series of experiments mAii<e> -^rsJia. "la 
paddles submer^d '344 ft. 




I 
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The carved line OT, Fig. 144, representing the Uw of 
reaistancQ at first near O, is almost straight ; this straight* 
ness is prolonged np to a certain velocity, depending upon 
the depth of the immersion and the distance apart of the 
paddles ; but beyond this velocity it departs more and mon^ 
showing that the resistance no longer maintains its propoi^ 
tion with the square of the velocity. All these facts are 
highly important to steam navigation, for they show that 
it IS necessaiy to establish between the depths of immersion 
of the paddles, their distance apart, and the velocity with 
which they are impelled, such relations that the water may 
alwaj-a ha've time to fill up the voids, and that for eacn 
wheel, screw, or paddle, there is a limit of speed adopted 
to the best effect. 

To find lite valw o/K, of the second term of the expression 
for the iato of resistatxce. 

Having regard to the circumstances pointed out, and 
consequently restricting the law of the resistance within 
the limits of his ability to verify them, Morin makes 
known the results relating to experiments in which the 
velocity of the wheel and trie spaces of the paddles allowed 
a comjiiete return of the water. 

The values of the coeflScient Ki, furnished by the experi- 
ments, were as follows : 



Values of the coefficieta K, of theformuhi J 

R=ACK,+K,V'). J 






™aT- 1 






1-B90 1 
t-074e ■ 
I-9S1» ■ 
1-07H ■ 
I-93Sfi ■ 
!-99Stt ■ 
t-S460 ■ 
1-I3S9 ■ 
S-1G98 ■ 
^ t'40T8 ■ 






















Gr«it wfa«I 
fi-fi67 ft. 
in diameter. . 


(1-669 
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The general moan does not differ over ^y from the 
partial results, and we see that when the spaces of tha 
paddlea were within the indicated hmits, that the effect 
exerted by wheels with plane floats upon the axle may be 
represented by the formula 

R = A[19272 + 213559V'], 
A being the mean of the surfaces of paddles simulta- 
neously submerged at rest, V the absolute velocity of the 
wheel. 

Case where the wheel turned in running water. — The wheel 
which had served for the above eiiperimenta having been 
placed in a small wooden canal, 3-7 ft. wide by 2 ft. 
deep, the same course was taken to ascertain the law of 
resistance. Without going into unnecessary details, Morin 
states that the results of these new experiments were also 
represented, with sufficient exactness ior practice by the 
same formula, by adiiing or subtracting tne velocity v of 
the current to or from that of V, so that the general ex- 
pression of effort exerted upon still or running water by the 
I paddles of wheels with plane floats will be 

I H = A [01 927 + 2-0785 ( V+r)'], 

in taking for the coefficient of the second term a number 
which conforms best to all the experiments. 

Influence o^ the presence of a boat near the wheels. — The 
experiments in question were made upon isolated wheels, 
and it was proper to ascertain whether the presence of a 
boat near the wheel would exert any influence upon the in- 
tensity and law of the resistance, 

For this purpose, the experimenter placed near the wheel, 
at a distance of O'lSft., parallel to the exterior vertical 
plane of the floats of the wheel, 8'567 ft. in diameter, a 
boat submerged an equal depth with the floats, and made 
two sets of experiments, with depths of immersion of 
1-325 ft. and 0"84ft., to compare the results with those of 
the series made in the case when the wheel wajs iaa\a)*A^ 
and its paddles immersed V325 K. Mvift'^"; \x.. 

The results of these expfcrimew\s aftem\» ^^«^ '^**'-^ 
reaaoa of the obstacle whic\Y xiie ^xesaww 'a'^- ""'^ ^*^ 




I 



I 
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opposed to the return of water into the void formed by the 
float, the resistance <limiiiished somewhat, but bo small a 
quantity that it may come within the limits of the errors of 
obsen'ation. In fact, we found 

At the depth of immersion of 1-325 ft. without boat Ki=2-16d8 
„ „ „ „ with boat K,=2-1413 

At the depth of immeraion of 0-937 ft. without boat K,=2-4078 
„ „ „ 84 ft. with boat K,=2-I580 

We see, then, that the preceding formnla derived from 
a summary of the experiments may be still applied to the 
case where the wheel is placed at the side of a steamboat. 

Application to the wheels of steamhoaU. — The formula of 
the resistance experienced, and the effect transmitted by the 
paddles of a wheel turning in water being 
R=KiAU' = 2-13559AU', 
when the axis of this wheel has no motion of translation, it 
is clear that if this axis is borne upon a steamboat going 
with a velocity V, the paddles will only impinge upon the 
water with a velocity U— V, and that in this case the 
formula expressing the resistance experienced by the floats 
will be 

E=K,A(n-V)' 
in still water, and, Anally, that if the boat bearing the 
wheel ascends or descends a stream running with a velo- 
city V, the expression of resistance will be 

R=K,A{n-V-r)' OD the ascent, 
R=K,A(U-V + B)*cin the descent. 

If we examine particularly the case of navigation in still 
water, the work of tins resistance, or that of the machine 
moving the wheel in 1", will be 

EXT - Ki A (IT - V)' U naits of work, 



and if we express in horse powers of 550 units of work a 
•econd, the effective force of the motor will be 



I 



I 
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An obsen'ation of e.-dating constructions will allow ua to 
judge whether the value of the coefficient K, derived from 
the experiments above reported, asreea with the observed 
facta of navigation. Indeed, we have for each boat tlie 
dimensions of the wheels and floats, and the number of the 
latter, from which we can deduce the submerged surface of 
the paddles. 

Observation gives us the velocity, U, of the paddles, 
which, by reason of their small height compared to the 
Tiuliiw of the wheels, may be regarded as the point of appli- 
cation of the resistance, as well as the velocity, V, of the 
boat ; and if we introduce the value of K, = 2"13559, de- 
rived from our experiments, the above formula should give 
the effective force of the machine, such as observation has 
fumiahed. Direct experiments, made by hauling upon a 
fixed point, in giving the effort exerted and transmitted by 
the paddles to set the boat in motion, enable us to verify 
directly the formula 

R=213559 AU", 
by introducing the particular data of each case. 

In making this comparison upon the steamers the Sp/iiiue, 
the Mentor of 1 (50 nominal horse power, the Medie, and the 
V'Moce of 220 horse power, for which the dimensions and 
different velocities are given by M. Campaignac, in hia 
work upon st«am navigation, we have the following data 
and results : 



Sphinx 
MentQi' 

Vfloce 



nomituL eHectiTs 
80 8Cf851 
BO SD'SG4 



37' 136 
66'371 






11 



15'190 B-S074 
15-5S8 1-9S97 
16-301 2-4318 



6Q'971 iU'8i!3 i6-»01 ii-431 
42-928 20 848 Iv^-'i'&Vi'^'S 

\ \ VI 
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It shoald be observed that the value of the whole simul- 
taneflusly submei^d area of the paddles was determined 
by tracingB, and on the supposition of the vertical floats 
being entirely submerged a little below the surface, but 
probably less than it waa in reality ; so that the values of 
Ki are undoubtedly greater than they should be. It is not, 
then, surprising that the mean of these values surpasses those 
derived from the experiments superintended ny General 
Moriu. 



I 



PEEFOHMANCE OF PADDLE-WHEEL 9TE. 

Let a=area of all the floats immersed, in square feet, 

6= the immersed angle of the paddle-wheels, at the 

centre of pressure ; 
c = radius from the centre of motion to the centre of 

pressure of the floats ; 
d= acting area in square feet 

d=(a) multiplied by the natural cosine of s' 

Ex. — Suppose the area of all the immersed paddles, a= 
312 square feet, the angle 6=48°; what is the acting 
area t 

^=16°; Natural coaino=-9612617, 

3I2x-9612G17=299'9136504 square feet, 
300 square feet acting area, very nearly. 
Put e=the length of the load line of the vessel, in feet ; 
/=the greatest Immersed section, in square feet; 
o=area of resistance in square feet; 
A=displacement of the vessel in tons; 
i=horse power required to propel the vessel j miles 

an hour (statute miles) ; 
i= coefficient of the vessel ; 
/=re8istance of the vessel in pounds; 
m= tabular index corresponding to k ; 
M=8lip of either ^to^IIm ot ijaddle-wbeets 
o=the pitch of \,\\e^wv^VT:--> 
= the number ot tevoWiAWft* ■fc-asowMt, 
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Qties. 88. Required the area of resistance of a vessel 
when e=260 ft.=the length of the load line ; the greatest 
immersed section 500 square feet=/; the displacement of 
the vessel 2500 tons=A 1 



Opposite -67 in the following Table, k will be found= 



1'76, the coefficient of the vessel. 



Theny=V^-r 



the area of reeiEtance required. 



/ (500)^ 

^ 600 + 176(266)' 



n. 


t 


m. 


i. 


■50 


1'3I 


■71 


1'63 




61 


1'37 


■73 


1-43 




62 


l'*5 


■73 


1-38 




63 


I'Bl 


■74 


i-aa 




64 


1-56 


■76 


1-81 




65 


163 


■76 


1-13 




50 


r66 


■77 


1-06 




57 


1-71 


■78 


■97B 




58 


1-70 


■79 


■903 




59 


1-83 


■80 


■836 




no 


1-89 


■81 


•763 




61 


1'93 


■83 


■691 




63 


1'98 


■83 


■6S6 




63 


301 


■84 


■659 




64 


1-97 


■85 


-496 




as 


1-91 


■86 


■433 




66 


1-84 


■87 


■379 




67 


176 


■83 


■336 




63 


1-72 


■89 


■977 




69 


1-64 


■90 


■339 


.. 


1-59 


■95 


■025 



Qaes. 89. Required the res«,ta.-n*i« ^A "fiwa ^**''^' 
jH>mids=l, when she is runnmg a\. ^i^e, 'nXa ^"i "^^ ■**^*' 




8be 



"•ft, 






I 
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Dual logarithm o{j= \ , (11-2)=241591377, 
241691377, x(l-75)=422784910, 

i, (286-38) = 565731962 , 



Dnal log. of 10* 921Q34037 , 

Dual log. of 1-96369603 = 67482845, 

.-. (=I9637Ib8. nearly. 

The dual loes. may be instantly calculated or found by 

merely inspectme the anther's tables of dual lo^arithma, 

recently publishea. 

Quex. 91. Eeouired the horse power t, when the speed 
=11 knots an iiour=^; and the area of resistances 33 
square feet=7. 

. fy.g ll'x33 ,„„, ^ 
i=r-gg-= — 55 — = 499J horse power. 

The horse power may be found with greater accuracy by 
the sqcceeding logarithmic expression : 

i='^^3—=the horse power ; or 
l,0>2-75i,{»+i,(i?)- 1,(88). 



= 239789527, Mult. 
275 by 



1 659421199, 

i,(-375) = 



r4, I 



(10'} 



100821256, 

10082125G=the dua' logarithm <A "il Vi^^TX 
.-. The horae powev=^T VST . VC^- 



V 804 

P ■""> 

U 874-07 



» 




The horse power, according to this latter : 
274'07; there is a discrepancy in these resulta also; 
cube of the speed is employed in one case, and 2 J power a 
the other. 



put into a logarithmic form, gives the lattt'T rule. E: 
ment has not yet settled tEiis point in steam navij 
simple as it is ; some employ the square of the v( 
others the cube, and a thini party the 2} power. Govern- 
ment experiments, both in this country and elsewhere, are 
generally Government jobs. Engineers are select^ to 
8U]>eriiitend them upon the princijile that determined who 
should be tlie village schoounaster ; one of those worthies 
was chosen to fill tlie important office of village teach 
merely because he had a large family and a wooden leg. 



To find the slip of screw propellers or paddle-whe 
when the acting area and area of resistance are given. 

If the area of re3istance=49 iU=g ; and the acting & 
=2'25it.=d; required the slip=n. 



s/f+i/d' 



3434-3375 3718 



FROBLEH n. 



To calculate the power and find the properties of paddl 
wheels and screw-propelloi-s. 

The pitch of a propelIer=33ftT and makes 48 revoh 
tions a minute, the slip =-36. What is the speed of t' 
vessel ? 



33x48, 



(1--35)\=117 knots. 



Put o=tV ipitda-, p= 
the slip ; then getversfflY, 



i^e tftNJ^s&SKa'a.-awQ.iite ; and 1 



i» 
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Ziet the spi 
a; the pitch 
tioaA=p, 



op 

ed be ll'7knotsthe hour=_;; the8lip=*35= 
33 h.=o ; required the number of revolu- 

: 48, the nnmber of revolutions 



I 



''-ox(l-n)~38x(l— 35) 
ft minute. 

Required the slip, when the speed is 11*7 knots per hour, 
the revolutions 48 per minute, and the pitch=33 ft. 



PROBLEM in. 

Any four of the five following quantities being given, to 
find the fifth, namely, the radius of a paddle-wheel from 
the centre of motion to the centre of pressure of the floats 
=c ; the slip=n ; the immersed angle of the paddle-wheel 
at the centre of pre3aure=S ; the statute miles per hour=_;"; 
and the revolutions a minute=/>. 

From the general eipression 



I u; one of the qtuntities is e 



sily dedaced, for 
, Hj 



Suppose the immersed angle of the ^ad.dl«r-'«V'a& 
W centre of pressure = 54° 33' = b ■, ftie *\i^=''?A=-t^ \ 
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volutions perinmut6=16=^; and the radios of the paddle- 
wheel from the centre of motion to the centre of pressure 
of the floata=21fL; refiuired the speed =_;*. 

One-third of bi" 33' = 18" 11', the natural cosine of 
which is = ■9500629 ; for practical purposes '95 will be 
sufficiently near the truth. 



= 14-136 



miki 



Again, let the immersed angle = 54° 33' ; the revolutions 
per miniite=16; the speeil 14-136 miles an hour; the 
radius of the paddle-wheel from the centre of motion 
to the centre of pressure=21 ft. ; reqmred the slip. 

„= 1 _ J^i^J±l^ = 1 _■ 62 = -88, the required sUp. 



THE INDICATOB. 



I 



The Iidtealor is a simple and beautiful little instTument^ 
by which the power of steam can be ascertained with great 
accuracy, when a properly conatructed instrument is used ; 
but we should know who employs it, imd for what pniposo 
it is employed. It can be made to indicate what is false as 
well as what is tnie. Witji very little cookery it may be 
made to show that a good engine is a bad one, and the con- 
trary. There ia a class of engineers, which shall be name- 
less, who make great use of this little instrument in cooking 
up their reports. Richards's steam-engine indicator, at 
though not faultless, is the best in use. 

The nature of this instrument is easily understood by 
referring to Fig. 145. 

A is a small cylinder, B B open at top, E F fitted with_ 
a piston, and communicating with the lower part 
main steam cylinder by a pipe T, and stop-cock. 



part of 1^ 

2 
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Fig. U6. 




The piston, II, is pi'esstiJ duwn into tlie cyiiiider by a 
nicely adjusted spiral sprint, S S S, and a, pencil, C D, is 
fixed to the piston-rod, HO; Q is a roller round which a 
piece of paper ia wound ; on the axis of thia roller is fitted 
a pulley, P, connected by a string, P R, with some of the 
moving parts of the engine. The roller, Q, is also fitted 
with a spring, like the mainspring of a watch, in such a 
manner that, after being pulled round in one direction by 
the motion of the engine communicated through the striufi:,., 
K P, it is made to recoil by the spring,. \i 'wa aiajj^aat wa 
x2 




FRACTICAL MECHANICS. 



stop-cock in the pipe, T, dosed, the piston, being pressed 
on oy the sprina SoS and the atmosphere, will remain at 
the bottom of the cylinder, B B ; and the pendl, being sta- 
tionary at its lowest point, B, while the roller is made lo 
n^tui« backwards and forwards, wilt describe a line on the 
paper which would appear straight on its being unfolded 
from tlie roller, li Q. But if, while the roller continues 
its motion, the atop-cock be opened, then the piston will be 
subjected to the presaureof steam in the main steam cylinder, 
and will be forced upwards in opposition to the pressure of 
the spring S S S and of the atmosphere ; and the pencil will 
trace a line on the paper varying in height as the piston 
H of the indicator rises and falls. But, further, if the spiral 
spring be ao adjusted that we know exactly how many pounds 
will compress it an inch, and if we know the area of the piston 
H, we can measure the amount of pressaie on it by the 
height to which the pencil is raised above the neutral line, 
B, where it remains when subjected to no upward pressure 
of the steam in the direction of the arrow ; and tlius the posi- 
tion of the pencil on the paper, or the mark left by it at aim 
point, furnishes the measure of the pressnre on the mi 
piston of the engine at the convsponding point of its stro 
On unfolding the paper from the roller Q, we should find 
figure descrined on it by the pencil resembling */, 4, a^* 
Fig. 146, which, when properly analysed, gives the nieaou 
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' reohoning the Tarying pressures on the piston, and often 
points out defects in some of the adjustments, and suggests 
modes of remedying them. If we suppose that the area of 
the indicator- piston is one square inch, and that tlie spring 
is adjusted so that it requires a force of 10 lbs. to compress 
it 1 inch in length, or lib. to compress it ^Qth of an inch, 
we can form a scale of tenths of inches, and apply it to 
the indicator diagram at a number of points, a, o, c, &c. 
(Fig. 147), equally distant, and measure off the lengths of 
ordinates, a 1, Z> 2, &c., drawn through these points, and 
thus estimate the pressures acting on the piston of the indi- 
cator-cylinder at equidisunt points of the stroke through 
which the paper is made to travel. These pressures corre- 
spond exactly with those to which the main piston of the 
engine has been subjected during its stroke, because the 
email cylinder, EB, of the indicator communicates freely 
with the cylinder of the engine. If we suppose the indi- 
cator to be fixed at the top of the steam cylinder, the upper 
part of the curve, 1, 2, 3, 4, 5, &c,, is that traced during 
the descent of the piston when the steam is pressing on it. 
The lower part of tne curve, x, t, v, y, is that traced during 
the ascent of the piston when the steam is escaping from 
the cvlinder. Were the indicator fixed to the bottom of 
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the eylindep, we should get corresponding cnrres for I 

steam pressures tliere. Genendly, when the slide gear is 
properly adjusted, these figures are very nearly alike, wid, 
if so, the upper part of tiie cun'e, y, 1, 2, 8, 4, i, G, 7, r, 
may be taken as that traced by the active pressure either 
above or below the piston, while the lower part of the cnne, 
X, t, V, q, p, o, n, wi, y, may be taken as representing the 
corresponding resistance of steam during its egress from the 
cylinder. Now, as the total height, c 3, of any ordinate 
measures the total pressure on one side of the piston when 
it is at the point of its stroke corresponding to c, and as the 
part c o of the same ordinate represents the resisting 
pressure on the piston at the same point of its stroke, the 
difference o 3, or the part of the ordinate intercepted be- 
tween the upper and lower boundaries of the curve, mea- 
sures the effertive pressure on the piston clear of all resist- 
ances. The same applies tn all the ordtnates, and, as we 
may suppose the whole curved space made up of numerous 
e^ual, narrow, vertical slrins, each measured in height by 
an ordinate, we reckon the area of the figure cont^ned 
within the curve as an expression of the power developed 
by the piston during its stroke ; or, having taken a consi- 
derable number of pressure ordinates, and found the 
average, we consider this the mean effective pressure on tlie 
piston. 

For example, the average of those marked on Fig. 147^ 
found by adding them into one sum and divididg by thdb 
number, is ■ 



144-9 



20-7 lbs. 



the mean pressure on eveiy B(|uare inch of the piston. In 
taking the average it is better to take the first and last ordi- 
nates, m 1, and ( 7, at a distance from the respective ends 
of the stroke, jry = half of ab,bc,cd, Ac. If we suppose 
the engine from which Fig. 147 was taken to have a cy- 
linder 20 in. diameter, 2 ft. 6 in. stroke, making 40 revola*i 
lions a minute, the power of the engine Is readily c ' ~ 
iated. 
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Area of pUton=20'x ■7854=314-ie square inches; 

SH-16 X 20-7=650311"2 mean pressure on the piston. 

6503-112 

5 fi. double stroke 



=45'5 horse poorer, i 



GALCDLATION RESPECIINQ THE SCREW FROFELLEB 
BEPRESENTED IN FIQ. 148. 

This propeller has a particular expanding pitch. 

Put g=i the pitch at the periphery=DE. 

r=| the pitch at thehub = RS. 

s= llR, the assumed slip in a fraction of q, 

.-. q = r+s. 
Put f=extreme radiaB=OI. 

u=diameterof the screw=2(=FI. 

tj=pitch of the propeller at the periphei7=43. 

ic=:ang'te of the blades at the periphery ^KQT. 

U|= angle of the blades at the hub. 
JM^x=^ pitch of the propeller at the centre of efibrt of the 

BJ=y=-7251, the radius at the centre of effort, G = OG= 

QM. 
.■. The actual pitch at the centre of effort = 4a;, 
f =horse power required to drive the propeller and a 

revolutions a minute, 
^^numbcr of blades. 

T = length of blade parallel with the centre Iine=DV, 
d=tfae breadth of the propeller blades over the edge 

between the comers XZ. 
*=the circular arc in the angle e=WOY. 
e=thc projected angle of the blades. 
A=the true inclined surface of the blades. 
Ai=the projected area of the blades. 
Af =the acting area of the propeller. 
Let (r=the uircomference of a ckde ^AaiBMn^V. 
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ot.w = JL = -ii- = ^, the coUngent of the angle of the 
"ru fit vt 
bUdes at the peripherj. 

t=T u cot. IB, the pitch of the propeller at the peripbeij. 

360 „ 



?;** 



129600/ 



8 is the hypothenose, and y ie the base of a right-angled plane 
jl= KC measured over WY, it is a projection the same aa UT 

''"'^129600-^ 



—{■yacoa.w+il 



PBOBLEM IV. 



The pitch of a propeller= 33 ft., and makes "48 revolu- 
Itions a minute, the shp=-35. What ia the speed of the 
I vessel T 



^^~{\--Sb)=n-7 knots. 

By the introduction of other screws the slip might be 
reduced from 35 to 15 per cent,, the fiij«eA, ■wvvew. \)^a^i«^ 
is 15 per cent, will be 







=». "» Peripi,, 
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Cosine G3°..42'=-4430712 

480000^ ^^ 

6-x-4x'443+ -=117431111 

2lx68 = U28. 
1,(1-428)^ 35627490, 



1,(1-17431111). 
1 , (-48) 



10e883470, 
■■ 1606817 9, 
J 2295 1649, 
'73396917 Hubtract 



106348566, , 
'230258509 \ , (A) 



i, (-71241162). 

.-. r=7124-1162, as before. 
1-428 mnlt. by 1000.= 1428. 
■480000 mult, by 1000000=480000. 



(1000)'=10'Bnd 



10» 



< 10=10*. 



Hence the decimal point harf to te moved four places to 
the right, which brought -71241162 to 7124-1162. 

Ab a second example, suppose u = \2 feet; y=5 feet; 

^57° 30'; «=38 per cent., or m = -38; what power is re- 
quired to drive this propeller 40 revolutions a minute 1 



<-38x-5373+f 



.509-4 



Calculation by Ihud Lngariilimt. 

15x40 = 600. 
Bx -38 X -5378+4 = M3193J 11. 



'153247686 '153247686 
I, (113198111)= 1239G933, 187603067 ar. co. 
BttbtTMt \ , (48; '73396917 126603083 

1,(5093915) '6745S836 

,*, 2=509-4, foond by adding three dual numbers toother. 

PROBLEM vir. 

Given the dinmeter of a propelIer=:21 feet=u; the angla 
of the blades at the periphery ^ 63° . . 42' = w; the lengdl 
y=-6 feet; the slip a = -40 or 40 per cent.; four enginet 
drive this screw ot 7124 horse poiver=i; how many revi^ 
lutions, o, will this propeller make in a minute ? 



. 1 



480000; 



U=. 



=68 rerolations. 



■1 X(r»c^.w+i)i 

oa. io+|=Gx-4x-443+i=11743. 



By Dual Logarithms. 

,(■480000) = '733969171 



, (.7124) 

, (1-17431) 



+ . (21) 



add. 



= '33909943 J ' 

= 160G8179, subtract. 

'123375039 

'460517019 

3)'5a3»92058 
'194630686 
74193735, 



t.(IOO.)| 



\ '-68000231)= 



+ . (10-) 



PBOBLEM VUI. 



GKven, the diameter of the propeller=:13feet=M; thel 
angle of theb\adesaltK« ^cvighery = 59° 46'=tt ; the angle I 
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of the blades at the hub = 11° 48' = ici ; the diameter of the 
hub=l-25 feet=twice QS; (see Figure U8) to find the 
pitch at the centre of eEfort. 

Cotangent of 59° 46'=-582793 
CoUngent of 1 1° 48'=4-78673l) 
The pitch at the periphery^ 

13x-583x3UlS = 23-8 ft. = » 
The pitch at thehab^ 

125 X 4-787 x3' 1416 = 18-8 ft.=p. 

Put ri for the pitch at the centre of effort, w, the diameter 
at the centre of effort, and ui the diameter at the hub. 
(tt— t>j) : (fi— Pj) : ; («-",) : (■725i*-u,) 
... „-f^ I ("-"'^ (■725.i-u.) 



Recapitulation. 
V =23-8 ft. 
ti,=22-3 ft. 
i',= 18-8R. 



u =13 fl. 

u,=-725i<=9-425ft. 

u,=l-25ft. 



PROBLEM IX. 

Given, the diameter of a propeUer=13"5 feet = u; and 
the angle w=65°, to find the acting area of the propeller. 

but tj'=*'u'cot,* w, hence 



Calevhtion by Dual Loganlhma. 

= '9837630 
= ' 66128586 
76290956 diffeTanae. 




j 



I USEFUL ARITHMETICAL PROCESSES, OPERATIOHS THAT 
MAT BE FORGOTTEN, AND THE APPLICATION OF PRIN- 
CIPLES OFTEN MISUNDERSTOOD BY THOSE WHO HAVE 
NEGLECTED THE STUDr OF ARITHMETIC. 

Arithmetic is the science of numbers and their nota- 
tion, and of the different operations to which numbers are 
subjected. Arithmetic explains and illustrates practically 
the metliods of computing by numbers. At present there 
are two systems of arithmetic, namely, common and dual 
— the latter invented and developed by the author of 
the present work. When numbers are very great, for 
tlie purpose of facilitating numeration, they are gene- 
rally divided into periods or six figures each, the first on the 
right hand being called the units' period, the next the 
period of niillions, the third the period of billions, the 
fourth the period of triUions, and so on, as in the following 
example : 

Billiont. MilUoni. Um'ta. 

693147 I 180230 | 258509, 
wjiich ia read, six hundred and ninety-three thousand one 
hundred and forty-seven billions, one hundred and eighty 
thousand two hundred and thirty millions, two hundred 
and fif^-eight thousand five hundred and nme. 

In france, and other Coatiitental places, number. *s» 




S""' "eft 
!!'««» of 60 
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its value is not altered. Example, The fraction =■ multi- 
plied above and below by any number, as 5, gives — ! then 



7 14 21 28 
On the contrary, if a fraction be divided alove and bel/jw 
by the same number, its value is not altered. Example. 
20 10 20 10 

Sj divided above and below by 2 gives ^ ; then nj ~ f3 ~ 



Multiplication of Vulgar Fractums. 
Uule. Multiply thu upper numbers together for the nu- 
merator, and the lower numbers together for the denomi- 
nator of the product. 

Example, j multiplied by = =^ , the product, 

Divieion of V%dgar Fractions. 

Rule. Invert the divisor, then multiply the numbers as 
in multiplicatioD. 

2 7 7 11 

£a:ample. ^ divided by rr ; rr inverted bftcomesy 5 

Then 3 and y gives ^ = 1^. 

AdJilioii of Vulyar Fractions. 

Rule. Multiply the numbers composing tlie two Fractions 
crosswise, adil the two products together, under which 
place the product of the numbers below Uic lines of tli^ 
given f ractiuns. 







Subtraction of Vu^ar Fractions. 
Rule. Multiply the numbers composing the two fractiotu ;| 
crosswise, take the difference of these products, onder 
which place the product of the numbers below the linea of 
the given fractions. 



Example. From = take 



T 



In the fraction 5 we suppose 1 to be divided into 3 equal 

parts, and 2 of these parts to be taJcen ; but we might sup- 
pose the number 2 to oe divided into 3 parts, ana one of 
these parta to bo taken, and the result vrould be exactly the 

same. Suppose the unit to be a foot, then ^ of a foot= 
4 inches ; therefore -s of a foot = 8 ii 
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_ feet most be exactly the same = 8 inches. Tlie same 

inay be stud of other fractions. 

4 4 4 4 1 

-of an inch =— of » foot; for- divided by 12=— = jj- 



5 multi- 



plied by 1728=-^*=648. 



I 



To divide a whoU number and a ft'action by a ichol<i number. 
DiTide 23^ by 7. 
7)2^ 

7 into 2S goes 3 times and 2 oTer, 5 times 2i=10 and 4 gives 
14 J and 6 times 7=35, gives S^J. 

14 2 

— = ~i dividing above and below by 7. 



The Rule of Theee. 

Althoi^h it may be considered a d^;ression from ont 
general plan to treat of the rule of three any further than 
to show how to perform its calculations, yet it is necessary 
to treat of it at some length, from the very defective 
manner in which it haa hitherto been handled by writers 
on common arithmetic. Most of them divide it into three 
separate divisions, namely, " the Single Kule of Three Di- 
rect," " the Rule of Tliree Inverse," and " the Double Rule 
of Three ;" but here it is considered as one simple rule. 

It is named "the Rule of Three" because there are 
generally three numbers given to find a fourth. From its 
extraormnary utility it is called " the Golden Rule ;" again, 
" the Rule of Proportion," which is the most proper appel- 

' bition. It is necessaiy to observe the following Remarks, 

\ ID order to elucidate tKis method : 

I 1-2 



120 
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2i 



6iQ 



I 



In thia question there are but three numbers given to 
find a fourth j their posirions are thus found : — As tho 
number sought is yaros, the yards given are to be the 
third term, C ; then the question is put — If 120L buy 
640 yards, will 2il. buy more or lesst It will eridently 
buy less; therefore the less of the remaining numbers must 
bo the second term, B, and the other the first term, A. 
When the question is thus stated, multiply B and C toge- 
ther, and divide tlie product by A for the number of yarda 
sought. 

WORK. 



120 



24 



640 
24 



25CO 

1280 
12jO)153G|0 

128 yards, answer. 

Quel. 6. If 32 not. be carried 40 miles for 16/. 128., how 
far will 24 cwt, be carried for the same money t 

The 16/. 128. is superfluous, for reasona before given; 
the remaining numbers are necessary, and must be in the 
proportion, which will stand thus : 



For miles are required, therefore 40 miles is the third j 
and if we put the question — If 32 cwt, be carried 40 miles 
for a certain sura, will 24 cwt. be carried a greater or a 
leas distance for the same money Y It is evident that it is a 
greater number than 40 thatis.-equired; consequent!;-, the 
greater of the two remaining numbers is put for the second 
n, and the other for a first. 



I 
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The work will stand thus : 



24)180 (531 °>i'^i ansver. 



Ques. 7. If 12 men in 48 hours excavate 400 cubic 
yards of earth, how many will be necessary to excavate 
13440 cubic yards of earth in 288 hours 1 

Hogni. Honra. Men. f The magnitude which is of the 
288 : 48 : : 12 <Bame denomination aa the one 
(sought. 
Cab. lii. Cab. lit. 
400 : 13440 

The above stating is ascertsuned as follows : — As It is men 
that are sought, the 12 which expresses men is set dowii 
first ; then suppose the cubic yards equal, to find the posi- 
tion of 48 ana 288, say — If a certain number of cubic 
yards be excavated by 12 men in 48 hours, will it take a 
greater or less number of men to excavate the same 
number of yards in 288 hours ? It is evident that a less 
number of men will be reijuired ; therefore, the less of the 
two numbers (48) is to be m the centre, and the other first. 
Then to determine the positions of 400 and 13440, say — 
If 400 yards be excavated by 12 men, will it take a greater 
or less number of men to excavate 13440 yards? It is 
evident that it will take a greater number ; therefore, the 
greater of the two (13440) is to be in the centre, and the 
other (400) first. 



f 
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and -— =_ 



BU 40 4 2 ' 

for it is evident that if a quantity be divided into 800 
equal parts, and 400 of them taken, one-half the quantity 
is taken ; the same reasoning holds good with other frac- 
tions. 



&c., 



\ 



3 _SQ_800_8QQQ. 
T 40 400 4000" 

4__40_40()^4000_j, 
7 70 700 7000 "' ' 

SO that it appears a fractional part of anything may be ex- 
pressed in an infinite number of ways. 

From the above it appears that one fraction may be re- 
duced to another equal to it, and having, either the nume- 
rator or denominator, what number we please ; for example, 
let us reduce f to a fraction equal to it whose denominator 
sliall be 1000. 

2_2000 , 2()0O_e66| . 2_G66| 
3 3000*° 8000 1000 "3 1000 

The reduction of vulgar fractions to decimals, is nothing 
more than the reduction of one fraction to another whose 
denominator will be 10, 100, 1000, 10000, &c., then can- 
celling the denominator, and placing a full point to the left 
of the numerator, which must consist of as many places of 
figures as there are ciphers cancelled in the denominator; 
any deficiency of figores in the numerator must be made 
up with ciphers to tho left. 



EXABIPLE9 IN EEDU0HON. 
£!x, 1. Reduce j to a decimal. 
8 _300 ^. 30C _ 75 . 3 75 _ 




'•f 






«(0)1 
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111 this division there are eight ciphers iised^ then there 
must be eight places of figures ill the quotient, and there- 
fore one cipher is to be placed to the left of the figures 
obtained, and then the full point ; or, which is the same, 
for every cipher added to the numerator there should be a 
cipher or some figure placed in the quotient, and before the 
figure put in the quotient for the first cipher added, the full 



EXAMPLES FOK PBACTICE. 
Ex. 4. Reduce 2 ft. 7^ in. to the decimal of a yard. 

Am. -875. 
Ex. 5. What decimal ia equal to /^ ? 

Ant. -081967 and 13 over. 
Ex, 6. Reduce 17| to a mixed decimal. 

Ana. 17-4285714, &c. 



TO FIND THE VALDE OF AIJY DECIMAL. 

Rvie. — Multiply the given decimal by any denomination 

less than it, pointing off as many dtscimals in the product 

as are in the given aecimal ; then the figure or figures ta 




■£'■'■ 1. Sequin 
""■toning s^gaij 



When -999 
•87625 - 

sol 

18 
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Ex. 5. Reduce -8383838 of a foot to its equivalent value 
of inches and parts. 

Ans. 10 in. 0-7272 part. 
Ex. 6. Wliat is the value of -2648125 of a milet 

Alls. 2 fur. 4 pol. 4 yds. ft. 2 in. 1-56 parts. 
Most civilised nations employ the metric system of 
weights and measures. 



ADDITION OP MIXED RDMBEB8 AND DECIMAL FBACTI0K8. 

Hule. — Keep the decimal points under each other, and 

proL'eed as in common addition, observing to point off as 

many decimals in the sum as there are in the term which 

contains the greatest number of dedmals ; 

OR, 

As placing ciphers after decimals does not increase 
or diminish their value, affix ciphers until each of the 
fflven terms consists of tlie same number of decimals, 
then proceed as in common addition, pointing the sum as 
before. 



£■*. 1. Required the sum 
S4-0049. 

3'46 
21347 

1-3 
24-0049 
60'11I9 


of 3-46; 21-347; 1-3; 

or thus, 

3-4600 
21'3470 

1-3000 
24-0049 
501119 


Hie reason of this rule is obrioas, for 


346 = 3^ = Z^m, 
21-347 =21«ft =21AM, 

1-3 = lA = 1-ftWV 
24-0049=24i,rfh=24nftfW 


8nm=49«i«= 
5(Voy(fij=50"1119 the same as alwTO. 



I .f 



""" "leir sum ; n 

am 



■4nt. 1-724. 
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3311 
1893 

878J: 

■00400631 = Prod. 



» 



EXAMPLES. 

Ex.l. 
Multiply 14-36 by 16-i51 
16-451 
1436" 
7180 
5744 
8616 
1436 
Prod. =236-23636 

The above rule for pointing the decimala in the prodact 
may be proved as follows : 

14-36 =14tW =^ 
and 16-451 = 16^= L^ 
.-. 14-36xl6-451 = V(^xV^ = UMl^« = 
236^^^ = 236-23636, as before. 

As it only occupies a few seconds to prove any multipli- 
cation, it is ad\-isable that all should bo proved of which 
any doubt may be enterttuned. 

The following explains the method of proof. 

E.T. 3. Let it be required to multiply 23-33 by 16'321, 
and prove the work to be right or wrong. 
Multiply 23-33. -(A> 
by 16-321 -(B) 
2333 
4666 
6999 
1399S 




Prod. =380-76893 -(C). 

Cast the nines out of the sum of the digits in (A), and 
what is over place on the cross to the left, that is, 2 + 3+ 
3+3=ll=one nine and 2 over, which set down; again, 
cast the nines out of (B), setting down on the cross to the 
right what is over, that i^ l + 6 + 3=10=one niaft ^sAV 
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o\'er, then 1 + 2 + 1=4, whicli does not malceap oiue, then 
4 is over, which set down on the cross at (B); then mulliplv 
the numbers on the cross at (A) and (B) ta^ether] and 
east the nines out of the product, and place wli&t is over 
on the cross at (D). 

Lastly, cast tlie nines out of the product (C) ; thus, 
3 + 8=11=9 and2 over; 2 + 7=9andO over; 6+8 = 14=9 
and 5 over; 5 + 3=8, which place on the cross at (C). 
then, if the numbers on the cross at (C) and (D^ are equal, 
the work ia right, and if not, WTong. In casting out the 
nines in any number, the ciphers or nines need not be taken 
into account. 

It is natural to associate the idea of labour v,iHi long 
detail of execution, but such an idea may be abandonetl 
here, as at most it will not take the operator more than 
half a minute to prove any multiplication by the directiom 
just given. 

EXAUPLES FOB PBAOTIOB. 

£x. 4. Multiply 3-1416 by 10-24. 

Alts. 32-169984. 
Ex. 5. Multiply -00376 by 278. 

Ans. 1-04528. 
Ex. 6. Multiply 3-1416 + -7854 by 2218-192-277-274. 

Am. 7621-984986, true to six places of decimals. 

DmSION OF DECIMALS. 

Rule. — Division of decimals is the same as division of 
whole numbers, only it is to be strictly obser\-ed that the 
number of decimals and ciphers annexed to the dividend 
must be always equal to the number of decimals both in 
the di\'isor an5 quotient ; now, as the number of decimals 
in the divisor, and also the number of decimals and ciphers 
■(ffixed to the dividend, are known, the number of decunals 
in the quotient ia determined by making their difference. 
But as the rule for division of decimals ia best drawn 
from examples, the following are most of the varieties that 
I caa occoi. 
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EXAUPLES. 
Ex. 1. Divide 3647- by 47. 

Diridend. 

Divisor 47) 3S*7 (77-595744 QooUhii. 
32a 



357 
329 
380 
235 
450 
438 
270 
235 



210 



32 Bemunder. 



^\'lien the divisor, the dividend made less by the re- 
mainder, and the quotient are arranged as below, the proof 
is the same as in moltiplicatioo. 

V When the divisor is a whole number and less than the 
™ dividend, another whole number, the quotient is composed 
of whole numbers and decimals ; the number of decimals in 
the quotient is equal the number of ciphers called down . 



47-{B) 



Divid mnejied. 

3647W0OO0 

I S2 Remainder. 
3646-999^68— (C) 



/ c\ 

QnotleaL 
77-595744— (A) 



L 




'■'."" one- 
"'»> nu„,i„ 

"PJWoded, „,i 
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EXAMPLES FOR PRACTICE. 

Ex. G. Divide 354- by 3-1416. Ans. 112-681. 

Kr. 7. Dh-ide 3-1416 by 89-74. Aux. -0350078. 

Ex.S. Divide 2218-192--7854 bj 277-274 + 3-141f5x 

•5236. Alls, 15-10236. 

Those who have studied the history of the mathematical 
sciences cannot but have noticed the alow manner in which 
improvements have been admitted into general use ; even at 
this late date, barbarous and inadec[uate as the method was, 
the author was obliged to allow his bases to be expressed in 
%'ulgar fractions, in order that his published works on Duo) 
Arithmetic might be better understood. Dual Arithmetic 
calls for but few innovations to establish its general nota- 
tion ; decimal arithmetic b left in possession of the full 
point (■), while in dual arithmetic the comma (,) is em- 

Sloyed, a distinction easily remembered. The first notice of 
ecimals ia to be found in a tract at the end of Stevinus'a 
Arithmitique, in the collection of his works by his friend and 
pupil Albert Girard ; the tract is entitled La DUme. This 
collection was first published in Flemish, about the year 
1590. At this early date, decimals in the first place are 
termed primes, and marked (1); those in the second place 
are marlied (2), and called seconds, and so on ; whilst all 
integers are characterised by the sign (0), which is put 
after or above the last digit. 

EXiVMPLB IN ADDITION. 

1590. 1865, 

34 G 1 2 3-4612 

21 47 7 2 21-3472 

1300 6 1 3006 

24 4 9 24-0049 



Tlie denominators 10, 100. 1000, &c., were e 
ifter the time of Briggs and Kapier. 
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DUAL ARITHMETIC. 



Du&I nrithmctic is a new art of martatwrima mmabert and 
investigating the relations of quantities with ease and »■ 
iur«cy, with or without the use of tables. 

The term dual is employed because the tat hat t» 
brancUte, the basis of each branch being composed <rf t« 
pariH, and because the digits of a dual number may be sub- 
jeoted to ft variety of changes in magnitude and poaitioOi 
while at the same time remaining equal in value to Mov^ 
chan(feahU extremei, namely, a natural number and its locf. 
rithm to a known base. 

Bases of the Ascendinq Bhajsch. 

The bases of this branch of the art can be expnsseda 
follows : 

+ « (10000+1); (1000+1); (100+-1) ■ aO+IV 

(1 + 1); (iHr+1); (t*ii+I); (tAtf+i); .i;^ ' 

more conveniently written thus : 

+ « 10001 J 1001; 101; 11; 2; 11; i-qj . i- 

.... 1 the limit, ' 

iiicreaaing in magnitude from right to left. 

These bases are less and less as they approach 1, but cao* 
not be less than 1. 

Bases of the Descendiko Branch. 
These bases may be expressed thus : 
-cc....(l-1000); (1-100); (1-10); (I-l);n_.V 

but more concisely written, 

—00. . . .—999; -99; —9; 0; -9; 99; "999; 

decreasing in magnituile from right to left. 

This scale of bases approaches 1, but cannot be in««tv 

than 1. 



the 



I 



» 
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An eicamplc will make clear anything that may seem too 
abstract in tlie preceding definitions. 

The diameter of the earth throngh the poloa ia siud to be 
4 1706091-152 ft., which ia a conventional form of expressing 

4 times (10000000-) + onco (1000000-)+ 7 times (10000-) + 
6 times (I000) + Dine timcB (10)+1-+ ,^0 + ^ + T^ftn,. 
b^ the notation of common arithmetic, which, according to 
ordinary method agreed upon to express powers, bo- 
comes 

4(10)i + (10)s+7(10)'' + 6(10)*+9(10)i + l + (10)-i + 
5(10)^ + 2(10)-'. 
In this notation of common arithmetic 4, 1, 7, &c., are 
termed digits, and do not exceed 9. 

In dual arithmetic the powers of the dual bases are only 
registered. Thus 4I70609M52 is equal to 
(■99999)'('999999)'(-9999999)'(-99999999)«(l + l)'(I-01)' 
(I'OOl)', when multiplied by 10'. 

The bases being omitted, this dual number may be written 
thus ; 

'0-0'0'0'r3'3'6 t I0'2' I 0,4,2,0,0,0,0,0, ; (A). 
The natural number 4170609M52 is also equal to the dual 
number 

(10)'(2)' 10,4,1,9,8,6,9,6,; 
it is likewise equal to the dual number 

'8'3'1'4'6'8'1'Ot (10)"; and 
to an immense number of other dual numbers. 

Referring to the form (A), 'r3'3'6 ; 0,4,2, &c., are called 
dual digits, and express the powers of the bases involved, 
and, unlike tlie digits of ordinary arithmetic, may be 
greater or less than 9. For example, the common number 
41706091-152 is equal to the dual number 

'O'U'1'6'7'0'8'4 1 10' i 15,0,0,0,0,0,0,0, 
Tiie zero between | and 4, in (A), shows thatti 
1-1 is employed; the same remark applies t 
other bases. 

A dual number of positive dual digits hi 
exact value in common numbers when no coi_ 




I 




When ^ht positions to the right and eight to the Mi j 
of the si^ t \ 1 counting from leTt to right m both w^ J 
are occupied by ciphers or other digits, 3ie sign i ' ' 
placed before tie eight ascending digits and f aft 
eight descending, yet, with respect to range, the dnal 
ber is said to be one of eight digits, although sixteen 
tiona, and other positions between the signs f and J 
be occupied. 

If one of the signs f or | is omitted, the positic 
tached to the other are supposed to be occupied by ci]Ji« 
f^- When the last dual digit and all that follow an «■ 
jected, and when the last digit is 5, G, 7, 8, or 9, li« 
digit preceding may be counted one more, as in decim^ 
irithmetic. 

For most practical purposes common arithmetical renJli 
are required true, to not more than seven places of figora. 
To obtain this degree of accuracy, eight consecutive dul 
digits must be employed. In making calculations tie »1- 1 
lowances specified must be attended to. | 

A dual number is easily transformed into another aB of 
whose digits being reduced to ciphers, except the last, Th* 
transformation of a dual number of eight digits into another, 
whose first seven digits are ciphers, is termed f^t^iMrtrmaf'ud' 
number to t/ie eiglA position. A dual number reduced to I 
the eight ])osition is called a dual logarithm. ~ 



In practice the 7 ciphers are omitted, and the expre 
is written 

2- = G9314718, |; which represenU (I'DOOOOOOl)"" 
Then 69314718, is termed the dual logarithm of' j 
written 

i,(2-)=693I4718, 

Then the dual logarithm of 417U6091.152 is equal tod 

whole number 16157894{i3, or " 

1, (417l>6091.152)=161a7894C3, . 

The dual logarithms of common numbers are 

found, 83 well as the common numbers corres pond ins J 

dual lofrarithma, -wavVomX. \}n.«i M»e. cS. \sWv'«.- *^«*!,« "^^^ ■■ 

Dual ArithmetVcittn.'"! 
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Notation. Ascending Branch. 

The notation, altliough new, is easily remembered, from 
i Bymmetry, compactness, and unifonnity. 
1 is represented by | . 
Onb Decimal. First Position. 

!■! is represented ^y 1 1, 
(1-1)' „ „ 1 2. 

&c. &c. 

Two Decimals. Secosd Position. 

(1-01) is repreaented by i 0, I, or i '1, 
(1-01)» „ „ 1 1), 2, 01 1% 

(1-01)' „ „ ^0, 3, ort'3, 

&c. &c. 

Thbee DEcniALa. Third Position. 

(I'OOl) is represented by | 0, 0, 1, or i '1, 
(I'OOlJ* „ „ 1 0, 0, 2, or I »2, 

(1002)' „ „ ( 0, 0, 3, or | '3, 

&c. &c. 

(1-1)6(1-01) is represented by i 5, 1, 
(M)'(l-Ol)' „ „ 17,2, 

{1-I)»(1-0I)'(1-001)' „ „ |3, 4, 5, 

(l-001)''(l-00001)'(l-00O0000X)» is eitpreased by 
i 0,0,6,0,2,0,0,8, 
I 0,0, in the first and second positions, indicates that no 
power of (1-1) or of (1-01) is involved. The cipher in the 
fourth position indicates that no power of 1-0001 la involved; 
the same may be said of the other positions. 

Notation. Descending Branch. 
In this branch the arrow points up, t 
the h'ft of the digit and above, wliileiod 
the arrow points dowof and the com 
digit and belmo. 

1 is represented % 
One decimal (-9) „ 

.. .. (•?)■ 




I 



Three Decimals. 

(-999) is represetite 

(-999)' 

(-999)' 



SVin botli branches, if thtre be n decimals in any but, 

ils powers or dual digits are placed in tbe nth poeituuL^i 

{9)°{-99)» is written '8'2 f 

(9)i(-99)* „ '7'5 t 

(■999)'(-999fl99)'('99999999)« is written ■O'O'3'O'O'2'0'6 1 

A cipher being in the first and also in the second posilij' 

shows that no power of '9 or '99 is employed ; the wffi' 

may be said of other positions occupied by ciphers. 

'O'0'3'O'O'2'0'6' t may be written '8'0'0'2'0'e, f = 

'3, t '26 t '^8 t 

In the author's works, " Dual Arithmetic : a New Art,' 
Parts I. and II., and in the " Young Dual Arithmetician," 
without the me of tables, in a vanety of ways, and nmier 
different circumstances, it is shown, by easy, indepeDdent, 
and direct processes, how any two of the three corresponding 
numbers 

(Natural kdmber); (Dual number) ; (Duai. 
logarithm) ; 
might be found, the remaining one being given. 

Any one of these convertible numbers oeing gi' 

other two may be also found by employingTables 1. _,,. , 

(see " Young Dual Arithmetician"). Table I. is of t 

ascending branch, in which the natural numbers range fro 

1- to 2-99161136. 

Table II, U ot the descending branch, of which the I 



tural numben tan^e Ix^^o^ 
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■29916184 to 1. 

Hence, when these tables are employed, the powers of 
the base 1 + 1 or 2 are dis|>ense<I with, and only the powers 
of 10 retained. When operations are perfomied with dual 
numbers in their lowest terms, and tables nsed, it is not 
neceasary that such tables should ran^ beyond the natural 
numbers from 1-4U21356 to 1, and from 1 to -TOTlOfiTS. 

Only portions or abstracts of the General Dual Tables 
are given in the author's publUhitd works on Dual Arith- 
metic ; however, these general tables are completed and 
appended to Oliver Byrne's new work, "The Arcanum of 
Navigation and Nautical Astronomy," 

COHSTBUCTION OP TABLES OF DUAL L0GAHITHM8. 

In constructing Tables of dual logarithms, no aritlime- 
tical operations beyond those of addition aud subtraction 
are necessary. 

To find the natural numbers corresponding to any dual 



Adding. 




Sobt«clin«, 


Awending bnmeh. 


DBKendUiB braach. 


ll,= l-l 


'M 


= '9 ^ 


u 




^1 


i 2,= 1-21 


•2t 


H 


' 121 




^H 


i 3, =1-331 


■3( 


= ■729 


1331 




729 


14,= r4641 


'•H 


= ■6561 


14S41 




6461 


io, = l-61U5I 


■5( 


= ■59049 


lfil051 




59049 


i 6, = 1-771561 


'6f 


= ■531441 


1771561 




531441 


i7,= l-94B7171 


''t 


= -4782969 i 


19487171 




47829S9 m 


18, = 2-1435888i 


'8t 


=■43046721 1 


21 4358881 




Ac. 


|9,=2-357a47691 






^_ 





[lO|] 
|0,2=I-0|20|1 

_|io|2 

10,3=1-013013 

_|l_0|3' 

|0,4=l-OI40|6i 

(l0|4( 

{0,5=10 5X0. 

Hen commenciiif} 
we pursue the sami 
figures to be added 
lines two figures fu 
neglecting all figures 

nTien the first du 
with the value of tha 

Ascending br«nih. 

|e,=l-7|71|56[ 

|l7|7l|- 

|6,l,= l--j8!)ii!7|i 
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In the same way the common numbers corresponding to 
all dual nombers of two digits may be computtia and tabu- 



Again, |0,0,l = l-00jl 



I' 
lioou 

100|200 



.^O,O,3=l-0O|3< 



[l|3(>0 



|0,0,4=1-OU|4«0|600 
Il00|400 

{0,0,5=1-00|6U1|000 
|l00|501 



Denwndiug. 
'O'O'l \ =-939 

'0'0'2 I = 

'0'0'3 t = 

■0'0'4 \ = 

'0'0'5 t = 



lii97|lJl 



•0'0'6^=-99iOU9i 



Operating the same aa before, only setting the line to be 
addea or subtracted three figures back. 

Duonding. 

•6'5"0= f -5051395 1 10 

|5Q5|40 

'6'6'1= f -SOlHaaiTO 

,6Q4|e9 

'6'5'2= f -504 384 81 

504 38 



tG,5,0=l-86ll92 



I 6,5,l=l-86|a79 

|l8G 



i6,5,2=l-86|565. 

k" 

|e,5,3=l-86 751978 

In this manner the common numbers of all dual num- 
bers of three digits can be found and tabulated. 

Ascending. Dtaceoding. 

I 0,0,0,1 =l'f 0011 'O'O'O'l I = ■999910000 

llOOOll '- — 



i0,0,0,3=l"000 3000 3 

&G.=&C 



'o'0'0'2 f = -'j'juaioooi 



'0'0"0'3 t = 999 



350 



PRACTICAL MECHANICS. 



I 
I 



Or the natural numbers corresponding to dual numbers 
of four digits are found as those or three digits, setting the 
line to be added or subtracted four figures back. 

ABmnding. 



1 6,5,2,8=1 ■86612 I3a 1 8 
|l866i2 



'6'5'2'1 t =-5043l343T 

15043 

■6'5"2'2 t =:-5042|8394 



In this way, by common addition and subtraction aloi 
the natural numbers correajKinding to the dual numb« 
can be obtained. 

Methods are given in the " Young Dual Arithmetician" 
by which these corresponding numbers may be found widi 
one-fourth the mental labour and one-tenth the numba 
of figures employed in applying the method of rcducti* 
just explained. 

To Compute Corresponding Dual Logarithms. 



The daal logarithm of i 1, = 9581018, 

„ „ 1 0.1, = 99503a, 

i 0,0.1. = 99950, 

i 0,0,0,1,= 10000, 

DexendlDg. 

'10536052= dual log of '1 f 
'1005034= „ „ 'O'l t 
'100050= „ „ 'O'O'l I 
'10001= „ „ 'O'O'O'l t 
For the calculation of these numbers, see " Dua 
metic," Part II., and the " Young Dual Arithmetician,' 
From llic abofe ■ci\).nCbffici ali \.W dual losarithms of ' "' 
branches can W teB^vX'j oNiVamaiiVj ^ass^^i »iiJtoiraa.. 
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■ log|l,= 95S1018 
^ 9531018 


DMCSniling. 

'10536052=log of 1 ♦ 
10536052 


H log|2,=19062036 
^M 9531018 


•21072104= „ ■2t 
10536052 


H log { 3,=26593054 
■ 9531018 


'31608156= „ '3t 
10536052 


H 1(%|4,=36I24072 
■ 9531018 


■42144208= „ '4| 
10536052 


K 1<^4 5,=47655090 
H 95S1018 


■52680260= „ '5 f 
10536052 


^ Iogl6,=ft7186108 


'63216312= „ '6t 

&c.=&c. 


Or the dual logarithms of all dual numbers of one digit H 
in the first position may be found hy the successive adui- H 
lion of the number 9531018, fortbe ascending branch, and H 
'1053G052 for the descending, | 


Ascending, 
log 1 0,1,= 995033 

995033 
log 1 0,2,= 1990066 

995033 


DioceQdJng. 
'1005034 = logof'0'lt 
1005034 
'2010068= „ ■0'2t 

1005034 


log t 0,3,= 2985099 

995033 

log 1 0,4,= 3980132 


'3015102= „ 'O'S* 
1005034 

'4020136= „ '0'4t 
&c.=&c. 


and log I 6, =57186108 
995033 


'63216312=Iogof'6'0t 

1005034 


log i 6,1, =58181141 
995033 


'64221346= „ '6'1 ♦ 
1005034 


log I 6,2,=59176174 
995038 


'65226380= „ '6'2 1 
1005034 


W1G,3,=60171207 
995033 


■66231414= „ '6'3t 
1005034 


log|G,4,=6U66240 
&c.=&c. 


■67236448= „ ■6'4 f 

&t.=ic. 


Thus the dual logarithms of dual rtuinbera of two ■ ^H 









•A-r: 
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A dual number of the ascending branch {of eight conseculiee 

dual digits) may be converted, almost iiistant/r/, into a 

dual logarithm, by the following RuLB : 

Add together the dual ntiinber taken as a. common 
number; 31,018 times the first digit; 33 times the second 
digit ; and the arithmetical complement of 5 times tlte 
first three digits, a cipher (0) being placed after each. 

Ej:. 1. Reduce + 7,2,6,0,7,8,2,6, to a dual logarithm. 
Dual common No. =72607826. 



Arithmetical complement 16489700 Ar. co. of 5 x (7,02,00.0) 
217126=7x31018 
66 =2x33 



Required ]og.=693U718,= | , (2-). 



E.e. 2. Reduce f ^,4,3,3, to a dual logarithm. 
Dual No. as com. No. =64330000., for 8 conaecutive dual digits. 
16979850 Ar. co. of 5 x (6,04,03,0) 
186108 =31018 X 6, the first digit. 
1S2 =33 X 4, the second digit. 



=the dual log of the common 
number 1.84958426, and of the dual nomber | 6,4,3,3,0,0,0,0. 

A dual number of the descending branch {of eight consecutive 

dual digits) may be converted, almost instantly, into a 

dual logarithvi, by the following Rule: 

Add together the dual number taken as a common ; 

5 times the first three dual digits, a cipher (0) bein^ placed 

after each; 36,052 times the first digit; and 34 times the 

second digit. 

£x. 1. Reduce '2'3'4'5'6'7'8'9 i to a dual logarithm. 
Dual No. as com. No. = 23456789. 
5 X ('20'80'40)= 1015200 
^m 72104=36052x2, the first digit. 

^K 102=34x3, the second d>«it. 

^^1^ ■78235871 





Ex. 2. Reduce '6*4'3'3 | to a dual logarithm. 
Dari No, Mcora. No. =04330000., for 8 consecntira dnal A 
5x('60'40'30)= 3020150 

216312=36052 x 6. the firet d 
136=*4x'l. the second d 



'G7566598=lhe dual logarithm 
naturid number -50881746, and of the doal nnmber 

•6'4'3'3'0'0'0-O \ . 

Ilaving said enongh to induce a student to examine du&l 
arithmetic ; in conclusion we propose to arouse the attention 
of accomplished mathematicians, m solvinfr hy a direct 
process the following question. In order that this solution 
may not be passed over lightly, we have selected a qaeslion, 
not the most difficult among a great many, that could d« 
be solved by all the hving mathematicians, and all i 
ever lived, with the help of their numerous theore 
without the aid of dual arithmetic. 

Question. Find a number which, when added to t 
circumference of a circle whose diameter= 10000, the sun 
and its common logarithm, each, is composed of the same 
consecutive digits ? 

»=8.141592G5 

I and let i be the reqj 



uidnH 
to «P 



taking a/jf-i-x root of both sides of this equatioo, we hare 

^ = C_!_ Y^- 



K 



Puttiog 6 for _ 



, the last eqtution j 
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of, 66 
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Boiler, evapoiaUon of, 81 


Agants, work or liviug, 6 


Boyle's law, 7S 
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BrldgeLHennitubolir, 21^ 




Bridgeorail. Long, 189 
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Aichimades' principlfl ot niffidwt 
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powder, 128 
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CarriagH, friction ot, 100 


Axi^ frictloa upon, 127 
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126 
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Ball Bred from a cannon, noita ot 


C«olre oJ gravity defined, 87 


vork in, SU 






246 


blem,l41 


Ctntte of gtavlly found by reterring 




bodies to co-ordinate planes, 39 


blam, 148 


Centra of grayity in difTerent bodi«>h 


B««il». worit o(i 9 


247 


Bent leTor, afi 


Centra of gravity ot a number of 


Black t)roid-tM»d flgarei and letter, 


bodies, B8 


whM they «gni^. 1 


Centre of gravity, conservation o( lb* 


Bla« pip^ ttaiatance of, 6S 


motion of, 136 




r 



Centre of eravilj, duIU oI VDik, 

removing, ih 
Centra at svratian a[ Uiffersnt bodisi, 

1U8 to in 
Cent™ of pWHurc S*0 
Centra at gravltT. gfratioii, u 

ouillatiDn, rtlstinn belwwn, 161 
Chiin ftDd tiupouioa bridgea, SI} 
Cbuptor I. On tho unit of vork Kith 

or without refcrenes 

Cluplar II. On the work oi living 

igenU, 8 
Cbapler III. On the moTinf; of bodia 
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of material!, IT 
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and icrew, S7 
Cliapter T. Work of aleam and the 

Blunm engine, 68 
ChnpUr Tl. Accamulal«d work. 93 
Ch&pier VII. Kquililirlym of pra» 

■iires. thrust!, aiid tcuaiuns, Torcei 

&«., 162 
CbBpteiVIIl. Preasure of wat«r and 

other Buidi. S3 6 
Chapter IX. Bcxiiunce of Bold*. 

paddle- wboelt, Kreir propellen, 
ic, St, 283 
Chapter X. CKfiil arithmetical pro- 
a, operation* that may h 
gollen, and the application of 
misiiuderilo^id bj 
who have net(lected the iitu< 
arithmetic, E19 
Chine>« ingenluus conltivance, 



Crane, 40 

Cruo, power of, 4S 

Crank, poaitioti of, for 

■Dinimum velocities. It!) 
CatK, prcsanre of wal«r on the ili.t 

of. SS8 
Con-nd paths, work in nioviiie 

along. 18 

Deeimal rractioai. 33S 
Decimal point defined. 4 
Decimala, addition, lublnKlian, d 
tipKcation, and division. B3S X 
Decimala, importuit ohscrvalioo,! 
Dedmali, importaot rule, SSO 
lilagonal TOda, itietcbera, SOT 
Diagram of forcee, 181 
Diagram, skeleton. 170, IBS, t»l. IK 
Diagram of torcet, cniD^MraliTeluisthi 



1 



Diek'a 



ti-frii'tic 



I, me 



..56 



nnployedlo 
.. ISO 



Dual arllhmt 

Dual arithmetic applied with gim t ^ 
ease to important inquirita, Kl, 
ill. 803 

Dual Biiibmetie, introduction to, 3U 

Dual lugarilbraa applied lo the ealcn- 
lations ofsleam oavlKatian, SOS i 

Deal logirilhma, c^culations af " 
fled by the use or, 83, B~ 

Daal lognrithnis, huw t( 



tables of. 847 
Duty ot the ilcai 



engine, SS 



of gyrat] 



1, 108 



Ctearance of engine, 80 

Coala, evaporative power of several 

kinds, 71 
Coggnl or toothed wheeln, 41 
Compound wheel and aJtIe, Chinese, 44 
Condenser, lemperatnte of the vapour 

in, 78 
Condensing aleam, anils of worli 

developed by, 73 
Conservalion of the quantltiee ot 

motion. 13 G 
^ OonTeEueiLlainlUiiDAmnb3,% 



Eanb, presaere o(, 26S 
Earth, work required 

[evolving on its axi^ 1 
Efflai of duidi, lb*. 
Elaatic bodiea, shook of, 14S 
Elastic force of ileam fouud e 

by dual arithmetic, 89 
Elastic force of atesm found ii 

work, 7S 
Embankment, S4.? 
Kuibankmenl of equable strength, SSI 
I^Tnbankmeul, preaum o* 

S38 



rj 




Epgina, lacomallve, 68 

Eqnaiioiu, cubic uid higher, 264 

EqaitioDK of the cBtnnir}- curve. Pro- 
blems Ihit deHed Ihc skill of nu( 
matlciiuu, lolTcd b.r, !30 

Kquilibrinm of prfmurei, I hni«I», 



Falling bodies neu the inrlan of the 

e4tlh, es 
Falsi) baUnce, 80 
Firu-engine, 1S8 
Flood-gate, 244 
Fluid, reii'Mnce of, S7S 
Finiili, efflux of, IGb 
Fluids, reslatitDce dI, 154 
Fly-wheel, 96 

Fly-wheel, ttliDeasioiu of, ISO 
Flf-wheel, weight of, IS'2 
Fly-wheel, friction of axis, lOS 
Foot-tona aod 
Foot'poonda, improper terms ; tL, 161 
Force of animala, 13 
Fares, accelerating. 579 
Fon»9, diagram of, 181 
Forge iiBuimflr, wocli of, 7 
Fractiani, addirioo of vulgar, 831 
Fraetiona, divisioa ot vulgu, S21 
PrarlioDB, maltiplicBtioD of vulgar, 

831 
Fractions, aubtraction of vulgar, 322 
Fractioiu, vulgar. 820 
Frames, loaded 18S 
frictinn of common roada, 18 
Friction ot rails, work taken op by, 10 
Fanicular polygon, 177 

Qeometrical proposition (ui^ut), 176 

Graphical construction, Tensloni de- 
termined by, 173 

Gravity, force of, near the snrface of 
Ihe earth, 93. See the article 
GunNRiiT, Die F.ng. 

Oratily, work due to, 19 

Gravitalion, Ihe hiw of, 2TS 

Grindxone, qutstiDn respecting, t06 

OnniKiwder, force of, 148 

Gyration, centre of; lOG 



Hammers, work offly-wheel in lifHng, 

106 
High- pressure engines, 61 
High pressure engines,horsepower, 66 
Horee, backward pressure ol, 21 
Horae, maidniniD force ot, IS 
Horse power designated by h, or HP. 8 
Horse pow^r eatimaled, 5 
Hone power, examples of, 4 
Hyriroaiatic press, 64 
UydroatACics, principle Dpon whicb it 

tBsti, 237 

Impact, afaock orbodin. IS4 
Impinging bodies, velocity at, 189 

Important observation, 1B2 
Important principle, 13. 36 
Inclined plane, 47 
Inclined plane, talcing friction fnlo 

account, 48 
Indicator, figqre given by, 8! 
Indicator, ose of, SOS 
Inrrtio. measure of, 117 
Injection, waur, 86 
Iron and woollen briitgea, 187 
Iron bridge, in which the forces are 

well combined to meet the demands 

of railway traffic, S05 

Kepler, the third Uw ot, 27S 
Kilogram-mitres, an impruper il»- 
monstration, vL, 161 



Lever, o( second order, 28 
Lever, of third order, 29 
Lever, when its weight i> taken into 

occoant, 81 
Living ageoto, work of, 8 
Living forces, vis viva, 116 
Locomotive engine, maximum apetd 

of, 14 
Locomotive engines. 66 
Locomotive engines, power of« l^ 
Locomolivea oa ^-ad^auiA '<^«n(»i'Mki 



I 



I 



Logatltlinii, iiuUTitlT calciilal«d, 3JSS 



119 

UiD. work lions by. S 
Hiriae sleam-enginrt, power of, 3U4 
Mua. > conBtant quuititj', IIG 
M»teri«lfc work in rsieing ol ■ giTBii 

fonn.a! 
MBIhematiciuu. problem salted thai 

driieil the akill of, -i70, 3M. 1!3 
Matbemsticiatis, interesting to. 3S4 
' " " m velocity of the pUton of ■ 



-engin 



, 119 



McCalluia'a inSei-lblo arched truH, 

Meaiarernent of heights by harome- 

Irlcal ohKrvatloDB, 269 
Mechanical povera, Chapter IV., 17 

tofi7 
Mercury, density of, S71 
Mixing «teaiii, 87 
Mixing ot steam of different tempe- 

ratnres, ( 
Modul 






it{n« 



.169 



k 



135 
Motion of different bodiee ia i 

Motive toTcei and Inertia. 117 
MoontainBiiDeaBureiDeatof thehelghta 
at, 27S 



OBCillation, centre of, 160 

PiKidle-nheels, SSS 

Paddle-wheeU and jcraw-propelleta, 

to calculate the pooer and Hnd the 

propertiea of, 304 
Parallelogram of forces, new do 



m of, 166 
Ponduluni hlock atr 

ibat, 'IG 
Pendulnm, ^a'sei', 
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Huh 62 iUuilrations, Svo, elolh, qs. 

List of Tests {Rmgettts), arranged in alphab 

Older, accordine lo the names of the originators. Designed eiu 
for the convenient reference of Chemists, rharniacistx, and S^ 
By Hans M. Wilder.. Crown Svo, dotli, 4/. bJ, 

Ten Years' Experience in Works of Intet . 

DmiiHtvard Filtratkn. By J. Bailev Dintos, Mem. luL^ 
Second edition, with additioos. Royal Svo, sewed, 41, 

A Treatise on the Manufacture of Soap and Can^ 

LuMcants and Ctyccrirt. By W. Lant Carpknter, B.A., B.Su 
of Messrs, C.Tl^omaBBIli"BI^A^^^m,Y.■rviAo\^. WiiKiKvit 



PUBLISHED BY E. & F. N. SPON. 
The Stability of Ships explained simply^ and calculated 

iy a Hfw Gra/hk mtthad. By J, C. Spkncb, M.I.N.A. 4I0, m ■" 
3/. W. 

Steam Making, or Boiler Practice. By Charles A. 

Smith, C.E. 8vo, cIoUi, lar. Grfl 



I. MiicdUnctiiu Uoiia*, 



Choice of BoUci Fiilingj aad Appuclauncu. 

The Firenians Guide; a Handbook on the Care of 

Boilers. By Teknoloo, fdreningen T. 1. Siockholm. TraniUted 

tlic third edition, and revised by Karl I'. Daiilstrom, M.E. Sccmtd 
edition. Fcap. 8vo, clotli, 2j, 

A Treatise on Modem Steam. Engines and Boilers^ 

including Land Locomotive, and Miuiae Engines and BoQeis, for Ihtt 
use of Students. By FredkhICK CoLVSR, M. Inst. C.E., Mi 
With ^dplaia. 410, cloth, ajf. 



uodgctioB-^. OtigiDSl Ensi 
c Eoginu — 9. Special En£u 



|._ Eolleri— 4. Hi^h-PreiMre 



n EoDnei— & 
Vtninl HicC 



Steam Engine Management ; a Treatise on the 

Working and MaQBgemcnl of Sleim Boilers. By F. CoLVEB, H. liut. 
C.E., Mem. Inst. M.E. iSmo, doth, " 

Land Surveying on the Meridian and Perpendicular 

System, By William Penuan, C.E. 8to, dotb, 81. 6d. 

The TopograpSier, his Instruments and Methods^ 

designed for the use of Students, Amateur Photographer^ Suireyon, 
Engineers, and all persons interested in the location and constniclion of 
works based upon Topography. Illuilralal viilh KUHUtvus flata, md//^ 
and engravingi. By LEWIS M. Haupt, A.M. 8vo, clolh, lii. 

A Text-Book 0/ Tanning, embracing the Preparation 
of all kinds of Leather. By Hakry R. Proctor, F-C..c -' - ■--^- 
Tanneries. WitA illutlrtliimi, CRmfc*«><< 



I 



Abacus, Counters, Spec 
ladiotors, and Slid 
Role. 

Agricultoral Implement 
■nd Hichinei^. 

Air Conpresson. 

Animal ChBKoal Ma- 

AntimiMy. 

Axle* and Azle-boiei. 
Ban Machinenr. 
Belt! and Belling. 
B1a*ting. Boilen. 
Brake*. 

Stick. Machinei;. 
Bridges. 

Cage* for Mine*. 
CbIcuIbs, NfTerentiol and 
iDteeraL 



NOW COMPLETE. 

500 illuslrations, ta super-royal Svo, in 5 E 
\, 13J, dd. each ; Division 5, 17/. f>d. ; or i vols, 

SPONS' ENCYCLOPEDIA 

INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.a 

imporUnt of the subjects treated of, a 



Among the 
following ; — 
Acids, 207 pp. 210 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, I \ pp. 
Alicalies, 89 pp. 78 Sgs, 
AUovs. Alum, 

AsphalL Assayiog. 
BevcxragM, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 1 5 pp. 
Bleaching, 51 pp. 4Sfig5. 
Candles, 18 pp. 9 ^gi. 
Carbon Bisulphide. 
Cellultnd, 9 pp. 
Cements. Clap. 
Coal-tar Products, 44 pp. 

14 figs. 
CocoB, 8 pp. 
Coffee, 3a pp. 13 figi. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. S7 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Piinling, 38 pp. 9 figs. 
DyestafTi, 16 pp. 
Electro- MelalhiTBy, 13 

pp. 
Explosives, 21 pp. 33 figs. 
Feathers. 
Fibrous Substances, <|2 

pp. 79 figs. 
Floor-cloth, 



hg^. 



8 pp. 



Fur, S pp. 
Gas, Coal, 8 pp. 

Glass, 4S pp. 77 figs. 
Graphite, 7 pp. 
Hair, 7 pp. 
Hair Manufactures. 
Hats, 26 pp. 26 figs. 
Honey, Hops. 
Horn. 

Ice, 10 pp. 14 figs. 
Indlarubbet Manufac- 
tures, 23 pp. 17 figs. 
Ink, 17 pp. 

Jute Manufactures, 11 

pp., II figs- , 
Knillcd Fabncs — 

Hosiery, 15pp. Ijfigs. 



Lace, 



•3 PP- 9 figs- 



Leather, 28 pp. 31 figs. 
Linen MaDufaclores, 16 

pp. 6 figs- 
Manures, 21 pp. 30 figs. 
Matches, 17 pp. 38 figs. 
Mordants, 13 pp. 
Narcotics, 47 pp. 
Nnls, »o pp. 
Oils and Falty Sub- 
stance!, 125 pp. 
Paint. 



Paper, 36 pp, 23 figs. 

"" "" "! PP' "figs. 

Conl, S pp. 



Paraffin, \ 



Photography, 13 pp, 29 

figs, 
rigmeats, 9 pp. 6 ligt. 
Poilety, ' 
Printing 

20 pp. 8 figs. 
Rags. 
Resinous and Gnmmf 

Substances, 75 pp. ifr 

figs. 
Rope, 16 pp. 17 figl 
Salt, 31pp. 23 figl. 
Silk, 8 pp. 
Silk Manufactures, 9 pp» 

II figs. 
Skini, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 3^ 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, S pp- 
Starch, 9 pp. 10 figs. 
Sugar, 15s pp. I 

figs. 

Tannin, iS pp. 
Tea. II pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, S pp. 

Wool, 3 pp. 

Woollen Manufacture*, 
S8 5?. w &-4J.- 
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TXvK Torlc: 12, Cort\aii.aA 
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Crown Svo, clotb, with iUusUatioiix, 51-. 

WORKSHOP RECEIPTS. 

FIRST SERIES. 

By ERNEST SPON. 



BooItbtDding. 
Sronies Mtdfiroiuing. 

Csndles. 

Cleaiuiig. 
Colourwashing. 
CoQcretes. 
X>ipping Acids. 
Drawing Office DeUils. 
Diving Oils. 

Pr - - 



£l«:iro - 



SVNOPSis OF Contests. 

1 Freedng. 1 Paper. 

{ Fulminates. Paper Hajigiitg. 

I Funiiluie Cieams, Oils,. FaimiiiginOils,inWiia 

I Polisfaea, Lacqueis, ' Colours, «s well U 

and Putes. Fresco, House, Tnaj- 

Gilding. paiency. Sign, ubc 

Glnsi Cutting, Cleaning, 1 Carriage Paindng. 
I Frosliog, Drilling, PhoK^il^hy. 

Darkening, Bending, Plastering. 

Staining, and Paint- "-'=-' — 



ing. 



Eleciro - Metallurgy — Glass Making. 

(Cleaning, Dipping, Glues. 

Scraleh-brushiog, Bat- . Gold. 

lerics. Baths, oad I Graining. 

Deposits of ever/ Gums. 

description). Gun Cotton. 

Enamels. I Gunpowder. 

Wood, Horn Working. 



Polishes. 

Pottery — (Clays, Bodies 
GInaes, Colouis, OiH. ' 
Slalns, Fluxes, Ea*> 
nieli, and Laslrcs), 

Sconring, 

Silreriog. 

Soldert. 



.ncravii „ 

Copper, Gold, Silver, 1 Indiarubber. _ . ^ , 

Steel, and Slone. Japans, Japanning, and Temperiiig Metals. 



Varnishes, Uanuf 
and Use oL 

Veneering. 
Washing. 
Waterproofitur. 

Welding. 



(Rockets, Stars, Rains, ! Lathing. 

Gerbes, Jets, Tour- Lubricants. 

billons, Candies, Fires, 1 Marble Working. 

Lances,Ligh IS, Wheels, Matches. 

Fire-ballouns, and Mortats. 

minor Fireworks). Nitro-Glyceiine. 

Fluxes. Oils. 

Foundry Mixtures. 

Besides Receipts relating lo the lesser Technological matters and pro 

«uch as the manuToctuie and use of Stencil Plates, Blackittg, Crayoo*, Pai 
Putty, Wax, Size, Alloys, Caigut. Tunbridge Ware, Picture Pixme J 
Architectural Mouldings, Compos, Cameos, and otheis too B 



LondOTi-. «. &.'E.-s.s«as,VK.,'».-«»a_ 



Cron-n Svo, clotli, 485 pages, w-illi ill usi rations, 5/. 

WORKSHOP RECEIPTS, 

SECOND SERIES. 

By ROBERT HALDANE. 

Synopsis of Contents. 



Adilimetry anJ Alkali- 


Disinfectants. 


Isinglass. 


melry. 


Dyeing, Staining, and 


iTOry substitutes. 


Albumen. 


Colouring. 


Leather. 


Alcohol. 




Luminous bodi^ 


Alkaloids. 


Extracts. 


Magnesia. 


Balting.powdcra^ 


Fi reproofing. 


Matches. 


Gelatine, Glue, and Size. 


Paper, 


Bleaching. 


Glycerine. 


Parchment. 


Boiler Incrustations. 


GuL 


Perchloric acid. 


Cements ami Lutes. 


Hydrogen peroxide. 


Potassium oiaJite. 


Cleansing. 


Preserving, 


Confectioneiy. 


Iodine. 




Copying. 







Pigments, Paint, and Painting : embracing the preparation of 
Pigments, including alumina lakes, liiacks (animal, bone, Frankfort, ivoiy, 
lamp, sight, soQl), blues {antimony, Antwerp, cobalt, eajruleum, Eg]rptian, 
manganate, Paris, Peligot, Prussian, smalt, ultramarine), browns (biitr^ 
hinau, sepia, sienna, umber, Vandyke), greens (baiyta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, nungonese, mitis, mountain, Prusuao, 
sap, Scheele's, Schweinfurth, titanium, veniigris, line), reds (Brazilwood lake, 
carminated lake, cannine, Cassius purple, cobalt pink, cochineal lake, colco* 
Ihar, Indian red, madder lake, red chalk, red lead, vermilion), whites (Alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French. 
German, Kremnitz, and Fattinson processes, precautions in making, ana 
composition of commercial samples—whiting, Wilkinson's white, zinc wlute)^ 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; FaM 
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying, 
filling, coats, brushes, surjace, water-colours, removmg smell, disccjonition | 
miscdianeous paints— cement paint foe carl on-pi erre, copper paint, gold painl^ 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, line paints) ; Painting (general instruction^ 
proportions of ingredients, measuring paini work ; carriage painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the painti, oils, 
driers, and colours, varnishing, importance of washing vehicles, re-vaniishingr 
how to dry paint; woodwork painting). 
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Crown Svo, cloth, 480 pifiw, with 183 Ulustia^oai, Kt. 


WORKSHOP RECEIPT 


THIRD SERIES. 


By C. G. WARNFORD LOCK. 


Uniform with the Pirat and Second Series. 


Synopsis of Contents. 


Alloys. 


Indium. 


Rubidium. 1 




Iiidium. 


Ruihenium. B 


Anliniony. 


Iron and StceL 


Selenium. ^| 


Baiium. 


LacqucRflndLacquerine. 


SUver. fl 


Berymum, 


Lanllionam. 


SlAg. ■ 


Bismuih. 


Lead. 


Sodiuni. ^^^H 


Cadroiam. 


Lithium. 


StrontiWj^^^H 


CKsimn. 


I..W„.U. 


TttQtaltti^^^H 


Calcium. 


Mni^nesium, 


Terbfi^^^^^l 


Cerium. 


Manganese, 


ThalliumT^^W 




Mercury. 


Thoiium. ^ 


Cobalt. 


Mica. 


Tin. ■ 


, Copper. 




Tituiiuia fl 


■ Didymium. 


Nicket, 


Tungsten. 1 


H Electrics. 


Niobium. 


Uranium. H 


^B Enamels and Gluet. 


Osmium. 


VanadittTO. 1 


■ Erbiom. 


Palladium. 


Yttriam. H 


■ GtHiam. 




■ 


■ Gkss. 


Potassium. 


Zirconiuiu. ^| 


H -Gold. 


Rhodium. 


^H 


^^^^^JiOXLdoii'. "a. &'g.'S..se'a^,'>a&,'s>toS^M 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEVOTED MAINLY TO HANDICRAFTS & MECHANICAL SUBJECTS. 
By C. G. WARNFORD LOCK. 






IVaterprooflng — rubber goods, cuprammonitun processes, roiscellaneout 

prepnmtioDS. 
**c]iing and Storing arlicles of delicate odour or colour, of ft deliquewent 

chnraclcr, linble to igniljon, ftpl to suffer from insects or damp, ''" 

Bcibalming and PresErving nnatomicfti specimens, 
father Polishes. 

Mliag Air and Water, producing tow temperatures, making ice, cooling 
syrups .-uid solutions, and sepinticg salts from liquors by refrigeration. 

knd Sipbone, cmhracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving corroi' 

d other liquids. 

laiccating — air- and watei-oveos, and otber appliances for drying 

and artificiiU products. 

hBtilling^water, tinctures, eitracts, pharmaceutical preparations, 

perfumes, and alcoholic liquids. 

nulsifying as required by pharmacists and photographers. 

Evaporating — saline and other solutions, and liquids demanding special 

precautions. 

—water, aud solutions of various kinds, 
ni; and Macerating, 
faclrotyping. 
Hereotyping by both plaster and paper processes. 
Bookbinding in all its dctilils. 

Straw Plaitiiig and the fabrication of baskets, malting, etc. 
Musical InatnimenlB — the preservation, timing, and repair of pianos, 

tuirmoninms, musical boxes, etc 
Clock and Watch Mending — adapted for intelligent amnteuta. 
Fhotograpby — recent develojiment in rapid processes, handy ipparatm, 
numerous recipes for sensiliiing and developing solutions, and appUi 
tions to modern dluslrnlivc purposes. 








In demy 8vo, cloth, 600 pages, and 1420 lUustrati^^^ 

SPONS' 
MECHANICS' OWN BOC 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS.^ 



Mechanical Drawing — Casting and Founding ia Iron, Brass, a 
and other Alloys — Forging and Finishing Iron — Sheetnietal V 

— Soldering, Braiing, and Burning — Carpentry and Joinery e 
descriptions of some 400 Woods, over 200 Illustrations of 1 
Iheir uses, Explanations (with Diagrams) of 1 16 joints and h 
Details of Construction of Workshop appliances, rough funiitn 
Garden and Yard Erections, and House Building — Cabinel-Maku 

and Veneering — Carving and Frelcutling— Upholstery Painnn 

Graining, and Marbling — Staining Furniture, Woods, Floors ai 
Fittings— Gilding, dead and bright, on various grounds—Polishii 
Marble, Metals, and Wood— Vam is bin g— Mechanical raovenKW 
illustrating contrivances for transmitting motion — Turning i 
and Metals — Masonry, embracing Stonework, Bricltworlc, Te 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, . 
Glazing wiih and without putty, and lead glaiing — Plastering i 
Whitewashing— Paper-hanging— Gas-fitting— Bell-hanging, otdinaj 
and elecUic Systems — Lighting — Warming— Ventilating — Road 
Pavements, and Bridges — Hedges, Ditches, and Drains—' 
Supply and Sanitation— Hints on House Construction suited ti 
countries. 



inovenKW 

. Tcnaflj 
Zinc, d 
istering a 




